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(Plates 36-39.)
Read 16th June, 1898,

ToorH-cHANGE AND TOOTH-FORMULA IN THE LAGOMYID.E.

THY three extinet Lagomyidie, Titauoinys, Prolagus, and Logopsis, and the swrviving
Lagomys, have five upper check-tecth, as against six in Leporidie (Paleolagus and
Lepaus s. 1.).  From a comparison of the form and velative size of the teeth in Lepus and
Lagomys, the type genera of both groups, Waterhouse * and Gervais 1 had rightly argued
that the last upper molar of Lagowuys corresponds to the penultimate upper molar in the
Ilare. Since Lepus changes the three anterior of the upper six, and the two anterior of
the lower five check-tecth, the formula heing therefore l’.:_f, M.f:, it might have been
further inferred that the nummber of premolars in Lagomyide is the same as in the
Leporidze.

Curiously enough, in recent species of Lagomys the tooth-change has never heen
examined. In 1870 f, O. Fraas described and ficured the milk-dentition of Prolugus,
witl 1) check-teeth, there being three deciduous molars above and two below. The
obvious inference is that the premolars are the same in number as the milk-tecth, and
therefore in agreement with what is known in Lepus.

Iraas, however, proposes quite a novel definition of what we have to consider to be
premolars, with the unavoidable result of thus introdueing an element of confusion.
Finding the three upper posterior and the three lower posterior cheek-teeth of Prolagus
more in agreement as to general form with cach other than with those anterior to them,
which are two in the upper and one in the lower jaw, he conclndes that these last ave to be
considered as premolars.  Aecording to this theory, which confliets with the prior state-
ment of the number of deciduous teeth, the tooth-formmnla wounld be P. f—, M. i But

this second statement is again in flagrant contradietion with the tollowing deseription of
the mode in which the tooth-change is supposed to occur. The anterior upper premolar,
termed P., by Fraas, is stated to have no deciduous predeeessor, the place of the anterior
of the three deciduous teeth being taken by the premolar following hehind the first, the so-
called 1., ; while the anterior premolar pierces the jaw in front of I, and comes in place

* (. R. Waterhouse, © A Natural History of the Mammalia,” vol. ii. p. 14 (1848).
T Zool. et Pal. Frane., see. ed. pp. 45, 49 (1859).
T Wiirttemb. naturw, Jahresh. xxvi. p. 169 (1570).
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through the same lacnna (““ Zahnlicke ), produced by the dropping out of the first
deciduons. The two posterior deciduous teeth are, according to the writer, situated on
the top of molars I. and II. (1) respeetively, like so many caps.  So that, according to this
deseription, of the five upper cheek-teeth of Prolagus, the first and the last have no
deciduons predeeessors, but the three intermediate have.  In the lower jaw Fraas finds
two deciduous cheek-teeth : ¢ Neben dem ersten zweiwnrzeligen Deciduus, der iiber dem
einzigen Pracmolaren sitzt, ist noch ein zweiter zweiwurzeliger Deciduus, der von dem
ersten Molaren verdringt wird.” According to this, in the lower jaw the supposed
unique premolar and what he believes to be the first true molar wounld have deeiduous
predecessors. '

Those astounding views neecssarily ercated a distrust in Fraas’ deseription of _i deciduous
molars (in Prolagus); and as a eonsequenece most of the subsequent anthors on the
subject, up to this day, have, with regard to the Lagomyidie, preferred to adhere to the
old Cuvierian dictum, viz., that in all the Rodents with more than three molars, only
the ene (or more) anterior to the three are replaced, and that the latter alone are to be
considered true molars.

Ihihol has ohserved the two anterior lower cheek-teeth to change i Z%tanomys, and he
apparently extends this observation to the maxillary teeth as well: ¢ Chez le Zitunomys,
les denx premicres dents étaient sujettes an remplacement ” ¥,

The one author wlho first vightly interpreted the tooth-formula of Lagomyide is Winge,
although he has not seen the tooth-change.  Of I'raas’ statements he says that they are
not clear, partly due to some of the premolars being ealled molars 5 and he continues to say
that Lagomys—which, according to him, meludes the tossil < _HWyolugus™ and its allies—
£ ]ms's) or ; cheek-teeth ; these arve the - : j : L’ - or - 55 j )) :)’ of the typieal j:, as 1s seen
from a comparison with Lepus: in the maxillary the three anterior teeth, in the mandible
the two anterior are changed ” +.

In the first part of his memoir on Tertiary Rodentia, Schlosser speaks invariably of
only one inferior premolar and of a fonrth inferior true molar (m. ) in fossil Lagomyidze 1
but Iater on he gradually § wrrives at the true statement of things as given in the
supplement to the above wemoir, in the following words :—* In this group (/.e. the
Lagomorpha) at Ieast the first two anterior teeth in each jaw are changed, so that we
must speak of two, respectively three premolars ™ |

My own observations are to the following clleet :—

1. Titanomys.—This genns has five cheek-teeth in the npper jaw. The deciduous
teeth are three in the maxillary and two i the mandible, as is seen in the Rott skeleton
deseribed below.  The two deciduons inferior teeth, as mentioned above, have already
been figured by Filhol €.

# Anun. Ne. Géol x. p. 20 (IST0).

+ ¢ Om Pattedyrenes Tandskifte ™ (Vidensk. Meddel. Naturh, Forening i Kjobenhavn f. 1552), p. 45 (1853).  See
also 7. Winge, ju * E Musco Lundii,” i. pp. 105, 111 (1588).
1 * Palwontographica,” xxxi. p. 10 &e. (1554), § Op. cit. p. 110, Anm, 2.

| Palwontogr. xxxi. p 327 (1855). & Op. cit. p. 20, pl. 3. fig. 3.
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As to the number of lower cheek-teeth, T find, as a rule. five in one of the species,
Titanomys Tonlannesi; but in two out of seventeen mandibnlar rami there are only
four teeth, there being no trace of an alveolus for the last small tooth, which probably
will be found constantly present in voung speeimens.

In the other species, 7% visenoriensis, the fifth lower molar is supposed to be oftencr
missing than not.  Pomel ealled _fuphilugus—regarded by him as a subgenus of

Lagoinys—those speeimens of 70 ¢isenoviensis in which five mandibular eheck-teeti
were present: those with only four teeth he placed in his genus Lagodus (Lagodus
picoides, Powel,= Tilanoinys risenoviensis, IL v. Mey.). Filhol has based a fusion theory
on the presence or absence of the small molar in question *.  ITe assumes that at a certain
given moment there prevails a tendency to simplification in the Lagomyine dentition—
firstly by the fusion of the last (fifth) tooth with the penultimate, and sceondly by the
tendency of the fused elements to disappear.

This theory is at once disposed of by the fact that in the mandibles of Titanoinys
Fonlannesi hefore me both the fifth tooth and the posterior colonnette of the fourth—
which colonnette Filhol eonsiders to he the tifth tooth fused to the fourth
together. T think that for 7% visenoricnsis the same explanation holds good as with
vegavd to 7. Foutannesi, viz. the fifth tooth has sometimes been lost in the young animal
and its alveolns obliterated ; its frequent absenee is simply explained by the fact that it

are preseng

has dropped out in the fossils.
Anyhow, the formula of 7'itunoinys will have to be written as follows :—

3 ) CpesepeZoptimlom, 2
. 2y AL v p O p-2yp- s mol, me2 (. 3)

2. Prolagus.—1 have at my disposal the deciduous molars of two speeies of Prolagns
[P. ceningensis (Kon.) and P. sardus (Wagn.)]; there are three in the upper and two in
the lower jaw, as scen already by Iraas in the first-named species. In the skull of a
young P. sardus, where the deeiduous teeth are in siln, the following may he seen :—The
anterior of the three deeiduons teeth is not sitnated diveetly above the anterior premolar,
but slightly backward, closely appressed to the second decidnons, so that with its anterior
moiety it covers only the posterior part of the premolar; hesides it could not possibly cover
the latter completely, being much smaller. It is needless to say that neither of the true
molars, both of which are alveady protruded in the skull nnder observation, supports a
milk-tooth ; as a matter of fact, the tooth called molar I. by Fraas, which in reality is the
posterior of the three premolars, is situated under the posterior of the three deciduons
molars, as is the middle premolar under the middle decidunons.

In the lower jaw of both species the two anterior of the four lower check-teeth replace
the two deciduons teeth.

Therefore, since Prolagus has in the full-grown animal five chicek-teeth above and
four below, its tooth-formula will be :—

P

2 — Sop.2pl:mol,m 2

O p-2,p. Ly mo L, mo2t

* Ann. Re. Géol. x. p. 28 (1879).
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3 & b Lagopsis and Lagoinys.—Sinee these genera have five cheek-teeth in hoth jaws,

there being a small fifth inferior tooth, their tooth-formula will be :—
o o) o 5 . P)
P A G, or B e D

To suin up. 'The nmmber of premolars is constant in all the genera of Lagomyide,
and the same as in Lepus; whereas that of the true molars varies in the different genera ;
not rice versu, as has been snpposed by Lydekker *, Flower 1, and Zittel .

The upper m. 3, always present in Lepus, is always absent in the Lagomyide.  Of the
lower true molars, m. 3 is always present in Lagopsis and Leagyonys, when not lost in the
fossil: it is always absent in Prolagus; while in Tilvuouys this tooth is ravely absent
in one species, 7. Foulaunest, more frequently in the other, 7. visenoviensis, but presumably
always present in young specimens of both.

1. Genns Trraxosys.

Titanomys, H. v. Mcyer, Neues Jahrh, 1813, p. 390.

Lagodus, Powel, Cat. méth. Vert. foss. Loire et Allier, p. 41 (1853) 5 Depéret, Arch. Mus. Lyou, iv.
p. 126 (1887).

Lagomys (subg. dwphilagus), Pomel, op. eit. p, 2.

Lagomys, Lydckker, Cat. Foss. Mamm. Br. Mus. i. p. 255 (1885).

Lagomys (Lagopsis), Schlosser, Pal. Oestr.-Ung. viii. p. 86, foot-n. 4 (1890), p.p. ; Depéret 7, Aveh. Mus.
Lyon, v. p. 58 (1892).

TITANOMYS VISENOVIENSIS.

Titanomys visenoviensis, 11. v. Meyer, Neues Jalirb. 1843, p. 390 ; Gervais, Zool. et Pal. fr., prem. éd,,
Expl. No. 46, pl. xIvi. fig. 2 (1848-52) ; Broun, Leth. Geogn. il p. 103 (1853-56) ; Gervais, Zool.
et Pal. fr., deux. éd., p. 50, pl. xIvi. figs. 1, 2 (1859); . v. Meyer, Paliwcontogr. xvii. p. 225,
pl. xlii. (1870} ; Filhol, Ann. Se. Géol. x. p. 26, pl. i1 figs. 25, 26, pl.ii figs. 1-18 (1879) ;
Schlosser, Palieontogr. xxxi. p. 29, pl. xit. figs. 36, 38, 39, {1, 13, 15, 17, 18 (1884, ; Zittel, Handb.
d. Paleont. 1., iv. p. 532 (1891-93).

Titanomys trilobus, Gervais, Zool. et Pal. fr., prem. éd., Expl. No. 46, pl. xIvi. fig. 1 (1848-52).

Lagodus picoides, Pomel, Cat. méth. p. 41 (1853).

Lugomys (subg. Amphilagus) antiguus, Pomel, op. eit. p. 43.

Awmphilagus artiguus, Selilosser, op. cit. p. 30.

Lagouys visenoviensis, Lydekker, Cat. Foss. Mamm. Brit. Mus. 1. p. 258 (1885).

Historical Skeleh.

In announeing his new genus Zitanomys (type species 1. visenoviensis), from the Lower
Miocene of Weisenan near Mayence, H. v. Meyer characterizes it as havieg prismatie
check-teeth, agreeing in size and number and resembling in form those of Lagomys,
with the difference, however, that the lower molars of the fossil preseat a distinet

*

Cat. Foss. Mamm. Br. Mus. 1. p. 255 (1885); Nicholson & Lydekker, Manual of Palaont. ii. p. 1412 (1584),
Flower & Lydekker, ¢ Introduct. to the Study of Mammalia,” p. 491 (1891).
Zittel, Haudb. d. Palwont. i., iv. p. 551 (15891-93); id. Grundz. d. Pakeont. p. 525 (1895).
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posterior appendage (* Hinteransatz ™) not known to exist in Lagomys, while the
Weisenaun Rodent lacks the distincetly developed tooth-particle (- Zahntheil ) in the last
lower molar of existing Lagomys and of those of the “ossiferous breccia”; by which
1s apparently meant the Prolagus of Corsica and Sardinia.

We meet here at the outset with several incorrveet statements.  The upper molars ave
not, as we shall see later, prismatic, and the lower are only incompletely so. By the
alleged agreement in number of the molars of both 7Vtanomys and Lagoinys we are
to understand that both genera have tour lower cheek-teeth, the author believing at that
time that the existing Lagoinys has fonr mandibular check-teeth, while in reality theve
are five. II. v. Meyer considered the fifth small eylindric tooth of Legoinys to be a thivd
prismatic particle connected with the anterior molar, as is the case in Prolagus. The
author further makes a distinction—which is repeated two years later in his ¢ Fossil
Mammals of (Eningen,” where incidentally the genus Zilanoniys is mentioned *—Dhetween
a distinet * Hinteransatz” in the postervior molars of Titwnomys, and the ¢ distinctly
developed ” posterior or third *“ Zalintheil 7 of the last molar in some Lagomyidie, without
being aware that the two are one and the same thing and homologous.

The characteristics given of the upper moiars are not incorreet, but rather vague,
showing that the anthor did not succeed in making out the pattern of the tritnrating
surface, as is confirmed also by his manuscript drawings subscquently published by
Schlosser.

In the first edition of his ¢ Zoologie et Pal¢ontologie francaises.” Gervais figures, without
deseription, two mandibular rami from the Lower Miocene of Saint-Gérand-le-Puy
(Allier); the fig. 1 of pl. £6 is named Zitanomys trilobus, the tig. 2 1. visenoriensis. In
the explanation of the plate it is stated that the identification with 7. riseioricisis vests
on a comparison with a mandible of this species from Germany in the British Museum
(this is under No. 21495, from Weisenau).  Gervais had no npper molars from the French
deposit, but says that those from Germany, which are in London, “sont assez semblables
2 celles des Lapins, mais beancoup plus courtes et plus arquées,” adding that they are of
the same form as those from the Miocene of the Limague, called Marcuinoinys by Croizet
and Plalyodon by Bravard. These are two manuseript names.

In 1853 Pomel issued a small work of a high standard on the fossil vertebrates of the
Loire and Allier basins, pretending to be nothing more than a cataloguef. The
descriptions are in consequence very short, and as there are no figures, the utility
of this excellent publication has been vather limited. The Leporidic tamily opens §
with & new genus, Lagodus, from the Tertiary of Langy; the only species, L. picoides,
scarcely lavger than Lagomys pusillus, is based mainly on the upper and lower cheek-
dentition, the deseription of which 1 transcribe at length for fnture reference. From
this it will be seen that the anthor assigns to his genus Legodus five upper and four

# ¢ Zur Fauna d. Vorwelt.—Foss. Siugethiere cte. von (Eningen,’ p. 10 (1345),

+ Catal. méthod. et descr. des Vert. foss. découv. dans le Bassin hydrogr. sup. de la Loire, et surtout dans la
Vallée de . . . PAllier (1853).

1 Op. cit. p. 41,
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lower cheek-teeth ; the first superior was missing, and from the form of the alveolus it
is declared to have been very small. ¢ En haut il parait y avoir eu einq molaires; la
seeonde est plus étroite que chiez les Lagomys et pour ainsi dire réduite & une seule lame
marquée en travers de deux plis d’émail, de manicre & figurer presque trois croissants
coneentriques ; les trois autres ont deux lames dont la premicre est simple, et la seeonde
pourvue des deux replis d'émail de la dent qui préecde, excepté i la cinquieme dent,
ot elle est plus petite..” The lower tecth are said to be four in nnmber, ¢ par
absence de la dernicre.  Premicre tétragone divisée par denx sillons en deux eylindres
eomprimés, dont 'antérieure plus saillante est aussi un peu plus large et la seconde a
en arricre un petit pli d’émail partant de Tangle interne surtout évident & la dernicre
molaire et s’effacant assez tard par la détrition.  Ces eylindres sont moins eomprimés
davant en arriere que ehez les Lagomys, et leur disque de détrition est ovale ohlong,
brusquement atténué en angle du e6té externe, arrondi vers I'interne.”

From the later deseriptions of Zitanomys and from examination of originals, we are
enabled to refer Pomel's Legodaus to the former genus, and at the same time to appreciate
the aecuracy of his deseription. Bnt without this help and in the absence of figures,
it becomes diflieult to form an exact conception of the eomplicated pattern of the
upper teeth, from their neeessarily too short characteristics by Pomel. Hensel, when
deseribing the teeth of Pirolagns (his Myolagus), was on the look-out for allied forms;
he gives in full Pomel's deseription of Lagodus *, but fails to see the eurious relationship
existing hetween the upper premolars of the former and all the upper eheck-teeth of
the latier.

The small enamel fold described by Pomel as starting from the internal angle of the
posterior lamina in the three mandibular teeth behind the first is the « Ilinteransatz ™
of IL. v. Meyer's Zilunomys. 'The relations of the latter to his Legodus are not diseussed
by Pomel ; he suggests the former to be probably the same as Prolagns sansaunicusis
(Lartet's Lagomys sansaniensis).

Pomel's Amplilagns vests on lower jaws; he considers it {o he a subgenus of Lagoinys,
apparently beeause in both there are five lower cheek-teeth : “la dernicre molaire ™ (in
Awmplilagns) “ tres petite est eylindrique et cadugue, en sorte quil ne veste sonvent que
quatre dents & la michoire.”  The form of the anterior lower premolar is the same as in
« Lagodus™ and Titanomys, and very diffcrent from the premolar of Lagomys, a
character which at onee snggests that “ Lagodus ™ and Awplilagus may bhe identical,
and that the absence of the small posterior appendage in the lower molars attributed to
Amplilages is due to the specimens being from older individuals than those assigned to
“ Lagodus.”

In Bronn's ¢ Lethtea Geognostiea, TPomel's Lagodus is given as a synonym of
Titancmys visenociensis on the authority of I1. v. Meyer (*fide Meyer in litt.”).

The second edition of the Zool. et Pal. franc. (1859) gives good reasons for conside ring
Titavomys trilobus as the young of 7. risenoriensis.  Of the last lower molar in particular
Gervais says:—*“la dernicre montre encore avec assez d'¢vidence un troisicme lohe, qui

¥ Zeitschr. d. deutsch. geol. Ges. viil. p. 649 (1856).
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est d'ailleurs petit et qui, @ un dge plus avancé, eit été confondu avee le second lobe de
la méme dent, comme eela se voit chez le snjet de la figure 27 (7. risenoviensis) ; and he
goes on stating, as Pomel had done for his Zagodus, that this little posterior column is
gradually worn away. It is mentioned by Gervais only in the last molar, and his figures
show no trace of it in the anterior molars.

teferring to Powmel's Lagodus and Awmplilagus, Gervais launches an ungenerous and
unfounded accusation against this anthor, alleging that the former genus is  du moins
en partie " based on his, Gervais', figure of Titun. teilobus, and that Awplilagus rests on
fig. 2, representing Titun. visenoriensis.  No mention is made of Pomel's description of
thie upper dentition of “ Lagodus.” 1f the latter writer failed to recognize in his Lagodus
and dwmphilagus 1. v. Mexer's Titanomys risenoviensis, it was perfectly excusable at the
time he wrote, when this species had been so very imperfectly diagnosed both by
II. v. Mever and by Gervais, who both failed to make out the pattern of the upper
teeth. Up to this day we have nov been better off with regard to the upper cheek-teeth
from the type-locality Weiscnau.

It would have been fairer ou the part of Gervais to acknowledge that Pomel's
description of the inferior molars of “ Lugodns™ had gone far in enabling him
(Gervais) to recognize the non-validity of his speetes 7. ¢rilobus, and that Pomel had
besides deseribed more accurately than himself the lower teeth, in demonstrating the
presence of the “petit pli d'émail 7 in «/7 the posterior teeth of younger specimens. He
certainly could not have based this statement on Gervais’ fig. 1 of the young specimen,
where only the last molar shows a posterior appendage. The accusation with vegard
to dmplilagus is quite as unfounded as the first one. Pomel assigns five teeth to the
lower jaw of his genus, Gervais’ figure shows only four; the deseription of the first tooth
of Amphilugus does not exactly agree with the tooth in Gervais' figure, from which last,
morcover, it could not be made cut that the two eylinders of cach of the posterior teeth
are united by cement, as stated by Pomel to be the case in his dmphilagus. Other
particulars occur in the deseription ot Auplilagus, which might at once have convinced
an impartial critic that Pomel hased his description on originals.  These were, many
years later (1879), lianded by 2. Pomel himself to Prof. I'illol *,

In his posthumous paper (1S70) on the skeleton of a young Z%tanomys visenovicusis
from the Lignite of Rott near Bonn, now in the British Museum (No. 41085), . v,
Mever mentions rooted cheek-teeth in 7%lwnoinys, and he has been understood to
state that only the deciduous teeth ot this genus are provided with roots. IHowever,
when reading attentively 1L v. Mever's paper—I might alinost say, in reading between
the lines as well—one nceessarily comes to the conclusion that in adult specimens
the permanent molars were also rooted, and that the author himself had suspected this
fact, but lesitated to proclaim it. Two kinds of rooted Z%lanonys-teeth are mentioned in
the paper. With regard to those of the Rott skeleton, the author states that their
triturating surfaces are concealed in the matrix, so that their opposite ends only could be
examined ; but this does not hide the fact, he continues, that the two posterior upper

* Ann. Ne. Géol. x. pp. 27, 28 (LS79).
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teeth were formed as in Lagoinys. This evidently implies that they have no roots; for
the writer proceeds to state that in the teeth anterior to those just mentioned lengthened
roots can be seen. In the two anterior ehcek-teeth of the lower jaw, H. v. Meyer
deserthes a short erown and a long root, coniposed of two strongly converging parts;
and these two teeth seem to be situated somewhat higher than the two posterior, which
suggests that they had not yet emerged above the alveolar margin.  Contrary to the
anterior rooted tecth, these two posterior ones are described as ¢ prismatie””; the whole
of their crown has an enamel coating, and is not completely elosed below. The author
concludes that the tecth seem to indieate that the animal was of immature age, a
supposition which would explain the differenees of the anterior teeth from those of
Lagonys.

As a matter of course, in the lagomorphous Rodeutia with permanent eheek-teeth
growing by persistent pulps, the deciduous teeth ave rooted too as in the Rott skeleton.
But the anthor proeceds to state (p. 12%) that he has examined detached teeth of the
Titanomys from Weisenau of two kinds : on the one hand, small tecth corresponding to
the anterior teeth of the Rott specimen; on the other, lower teeth differing from the
last by a lengthened prismatic erown and quite insignificant roots; and upper tecth
as well, of larger size than those corresponding to the upper anterior teeth from Rott,
supposed by II. v. Meyer to be possibly deeiduons.  In the larger teeth the roots are
said to disappear almost completely ; ¢ dic flach prismatische, gekriimmte Krone vertritt
zugleich die Mauptwurzel, und es wird nur aussen oben ein kleines Wiirzelehen wahrge-
nommen, das aueh in einer entspreehenden Stetle des Kiefers eingreilt, wihrend das an
der Innenseite mit einer Rinne versehene Zahnprisma die eigentliche Alveole ausfiillt.”

From what will he seen later on, these larger teeth, upper and lower, are in fact the
permanent teeth of Titanomys, as 1L v. Meyer hesitatingly suggests.  Thervefore there is
no foundation in the distinetion—such as is drawn by Depéret—ot two genera, founded
on the presence or absence of roots in the permancnt teeth, viz. :—

(1) Titanoiays, with roots in the decidnous set only.

(2) Lagodus, with roots in the permanent teeth as well (premolars and true molars).

Proceeding with our historical sketeh in chronological order, we next have to
consider  Fithol's deseription of Titawomys risenovicnsis from  Saint-Gérand-le-Puy
(Allier) *, which has alrcady been quoted more than once in the preceding pages.
Among the synonyms of this species ave given Awmplitagus antiquas, Pom., and
Lagodus  picoides, Pom.: the identification of the former rests on one of the type
specimens of Pomel; the latter is not discussed in the paper. An nmportant character
noted by Filhol is the relatively considerabie longitudinal extension of the bhony
palate in ZVlanowmys. The shortness of the bony palate in lagomorphous Rodents is
doubtless a specialization ; but by its greater extension 7ifanomys approaches more
the condition of other Rodentia and Mammalia generally. The same is true of
Palwolagus, from the Miocene of North Ameriea, which presents curious resemblances
with Zitanomys in its dentition also. Moreover, we mecet with a lengthened bony

* Ann. Sc. Gdol. x. p. 26 (1879).
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palate in Lepus valdarnensis, Weith. *. from the Upper Pliocene of Tuseany, and
in three existing Lepovines, Lepas hispidus, Pears., from the ftoot of the Ilimalayas,
L. Netscheri, Schleg. & Jent., from Swnatea +, and Romerolagus Nelsoni, Merr., from the
Popocatepetl (Mexico) I, all three of which have other generalized characters in common
with each other and partly with Pal@olugus.

Description of Original Specimens.

Y. The Rott Skeleton.—In its present condition, of the two anterior lower cheek-teeth
deseribed and figured by 1. v. Meyer, only the imprint is preserved, with the exception
of the anterior hall of the front tooth, which is still in place.  I'rom what ean still be
seen, and with the help of L. v. Meyer's deseription and figures, there remains not the
slightest doubt that these two anterior teeth belong to the deciduous sef, since they
bear the characters of milk-teeth, viz., a short crown and (two) long roots, much
diverging from each other downward.  The number of teeth in front of the two
posterior in the upper jaw is left wncertain i the figures and text of the original
memoir. A close examination shows that there are three of them : the first apparently
is provided with a stouter internal and @ somewhat weaker external root; the two
following with one internal and two smaller external roots, the latter strongly diverging
from the shaft in opposite directions.  Here, too, we have the characteristie features of
milk-teeth, of which there are consequently three upper in Zilanomys, as might have
been anticipated by analogy to LProlagns.  The immature condition of the specimen
can be furtner inferved from the fact that the two posterior teeth, viz., the fourth
and fifth in e series, are not yet on the same level with the three in front of thewm.
As these two posterior teeth ave broken at their lower ends, nothing can be stated as to
their roots.

Still less—and this applies to all the teeth of the Rott specimen—can be made out
about the patteyn of their triturating surface, which, as noticed alveady by L. v. Meyer,
is concealed in the matrix.  This deficicney is partly supplied by some teeth from the
type-locality ol Weiscnan, in the British Muscum.

2. Titanomys risenoviensis from Veiscnwr.—.N\ fragment of the right upper jaw frow the
Lower Miocene of Weiscnau, in ihe Geological Department of the British Museum (21495),
Pl. 36, fig. 19, shows the two posterior premolars, p.l, p.2, and part of the alveolus of
the anterior premolar, p.3. These upper teeth were scen hy Gervais, who alludes to
them §, contenting himself with the above-reported generval vemarks.  The first of the two
premolars preserved, p.2, at once calls to mind by its general form the anterior npper
premolar, p.3, of Lepus, and to it therefore may be justly applied Gervais’ remark
referring to all the upper teeth in London, viz., that they ave *“ assez semblables a celles
des Lapins.”  The general outline of this tooth is somewhat triangular, the broader hasis
heing on the inner side, which is imperfectly divided by a slight notch into two abraded

# Jahrb. k.-k. geol. Reichsanst. vol. xxxix. p. S0 (1539).

T * Notes from the Leyden Museum,” vol. ii. note xii. p. 58 (1551},

I Troe. Biol. Soe. Washington, x. pp. 169-174 (1846).

§ Zool. et Pal. Franc. 1st ed. t. ii. expl. no. 46 (1545-52): 2nd ed. p. 50 (1859).
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cusps (8 & 9).  Proceeding ontward, we meet with fwo enamel folds starting from the
anterior side of the tooth. The one placed more internally (4) is by far the larger of the
two ; it opens frecly on the anterior side, and thenee proceeds first internally, and then,
gradnally attenunating, postero-externally, thus assuming approximately the form of
a creseent, whose anterior horn is much shorter than the posterior. Both horns are
delimited externally by a cusp (G), having its long axis almost parallel to the long axis of
the skull, and protruding with its internal convex border into the enamel fold just deseribed,
while its shorter and almost longitudinal external horder forms the inner margin of the
muech smaller second enamel fold (¢).  On the outer side of the tooth we meet with a large
bulging enamel tuberele (5), worn by attrition on its inner side only, and showing thus that
the onter side in this otherwise much-worn tooth is only partially allected by trituration.

The sceond tooth, p. 1, presents the general contour of the crown of lagomorphous
Rodents, the transverse diameter largely predominating over the longitudinal; the
anterior horder is slichtly more convex than the posterior. The minnte pattern of the
triturating surface, however, is very different from that which we are acenstomed to
consider characteristic of npper leporine molars.  T'he main difference from p. 2 consists
in the two enamel folds being shut out I'rom the anterior border by a transverse anterior
lobe, which in . 2 is appavent only in a much reduced condition, its outer portion heing
entirely wanting. In p.1 the anterior lobe or “wall” delimits the anterior horn of
the enamel fold (4) on its front side, so that in this tooth the anterior horn is much more
lengthened transversely than the posterior.  As compared with p. 2, p. 1 has undergone,
as it were, a lateral pressure, by which the various puarts of the surface have Leen foreed
into a more transverse dircetion. This is apparent, especially in the strong cusp (6)
separating cnawrel {folds 4 and ¢, whieh is no more longitndinally directed as in p. 2
but has likewise assumed the form of o crescent with its convexity projecting
inward into cnamecl fold 4, and forming externally the inner margin of cnamel fold e.
The latter has in its turn assumed a more transverse direction, and is only incompletely
shut out from the outer border of the tooth by a blant enamel tubercle (5), ocenpying
mainly the postero-cxternal part of the tooth. The summit only of this tuberele is
slightly worn.

The inner border of p. 1 is more distinetly divided than in p. 2 into two abraded
cusps by a vertical groove, manifesting itself on the triturating surtace in the shape of
a short enamel fold, or noteh ().

The levelling efleet of frituration—favoured by the enamel folds in both teeth being
more or less completely filled with cement,—together with the more transverse direction
assuimed by the folds and ensps of p. 1, tends to produce a lophodont character of its
triturating surface; or rather, we have a selenodont type leaning towards lophodonty.

3. Tilanomys visenocicusis, from the Allicr (France). Br. Mus. 31091 (Bravard Col-
lection).—A detached tooth (P1. 36, fig. 12) is more worn still than that just described,
as revealed by its triturating surface being more flattened and the enamel folds more
narrowed. 1t can only be cither p. 1 orm. 1. P. 3 is guite out of the question, as, to
judge from its alveolus, it was a very small tooth; p. 2 is reduced in its antero-cxternal,
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m. 2 in its postero-external portion (comparve fig. 19, P1. 36, with fig. 6); so that the choice
remains only between p. 1 and m. 1. Tt resembles closely the p. 1 deseribed ; only it is
narrower, and the anterior lobe ol the latter is more developed in its internal portion,
althongh the inverse was to be expected, the p. 1 described being less worn.  For these
reasons I think it more likely to be m. 1. This tooth shows two small roots on the outer
side : on the inner side the crown graduaily thins out downward into a single large root.
It cannot be a milk-tooth, becanse the two small external roots do not diverge downwards,
but run parallel with cach other.  We have here another proof, if one were needed, that
in Titowoinys visenoricisis the upper teeth are provided with voots; although this fact
has been denied with regard to this species of the Lower Miocene.

Mandibular teeth of Titawoinys visenoriensis.— As a characteristic feature of the lower
cheek-teeth ol 7% visenoricusis, 1. v. Mever makes mention of a small posterior lobe,
calling it a distinet posterior appendage (¢ ein dentlicher Ilinteransatz ) *. About the
occurrence of this small particle much uncertainty prevails.  When establishing the
genus, in the paper jnst quoted, 1. v. Meyer mentioned it in a general way as present in
the lower cheek-teeth, scemingly implying that all ot them were provided with this
appendage.  In his posthumous memoir, however, speaking again of the Weisenaun speci-
mens, he says that it oceurs on the posterior cheek-teeth and would have disappeared by
effect of attrition +.  DPomel assigns it to the three posterior check-teeth of ¢« Lagodus
picoides.”” adding that if takes its ovigin from the internal angle, that it is more evident
especially in the last molar and disappears rathier late by attvition §.

According to Gervais § if would occur only on the fourth tooth (m. 2), and as a character
of yonng specimens ; the same is stated by Iilhol ||, who had at his disposal a considerable
number of lower jaws. Schlosser @ styles it a third lobe occurring as an anomaly
(¢abnorm vorkommend ) in “m. 377 (meaning m. 2} of Tilanomys cisenorieusis;
although in the same memoir he tigures manuseript drawings by II. v. Meyer, where
it is shown in two molars, This same small lobe occurs in Pul@olagus also; it is

in another species, . ¢riples t1. On a former occasion 1 incidentally pointed out the
interest attached to it from hoth a phylo- and ontogenetic point of view fI.

As to the occurrence of this small lobe or cuspin 7' ¢/iseuoricisis, my own observations
tend to show that it is constantly present in young speeimens, not only of the posterior,
but also of the anterior lower teeth, including p. 2. In a fragment of a right
mandibular ramus of 7. wisenoviensis from the Allier (Bravavd Collection, Br. Mus.
31091-104), PL. 87, fig. 25, exhibiting the two anterior eheek-teeth, p. 1 and p. 2, in a
moderate stage of wear, traces of this lobe are visible in both these premolars, very

distinetly in the posterior (p. 1).

-+

Palwontogr. xvii. p. 226 (1870).
Zool. et Pal. Frang. sce. ed. p. 50 (1859).

TPalwontograph, xxxi. p. 32 (18534).

# Neues Jahrh. 1843, p. 390,

% Cat. méth. p. 41 (1853).

[l Ann. Se. Glol. x. p. 27 (1879,

#% « The Vertelrata of the Tertiary Formations of tho West,” p. 276 (1383).

Tt Op. eif. p. 881, % Proc. Zool. Soc. London, p. 203 (1593).
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It has been found econvenient to give the detailed descriptions of the lower molars of
this and all the other gencra in a separate chapter (p. 473).

TrranoMys FONTANNESI.
Lagodus Fonlannesi, Depéret, Arch. Mus. Lvon, iv. p. 127, pl. xni. figs. 19-19 ¢ (1887).
Lagomys (Lagopsis) verus, Schlosser, Pal. Oestr.-Ung. viii. p. 86 (1890) ; Depéret (¥), Arch. Mns. Lyon,
v. p. 37 (1892).

Under the name of Lagodus Foutuinesi, Depéret deseribed a fragment of an npper
Jaw, from the Middle Miocene of La Cirive-Saint-Alban (Isére), as velated to Tétanomys
risenoviensis, H. v, Meyer; but, in addition to its larger size, he distingnished it by other
more important characters.

Schlosser has supposed. without assigning reasons, that Legodus Foulainesi, Dep., is
synonymous with Lagomys (Lagopsis) verus, Hens. (= Layoiys wningensis, 11 v. Mey.),
and Depéret, in his second publication on the Fauna of La Grive, is disposed to accept
Schlosser’s views. It may be asked at onee, what then becomes of the left palate,
tigured and deseribed by Depéret in his tivst memoir *, where he considers it, rightly in
my opinion, to belong to the Lagomys rervs. s this question will he discussed under
the head of ZLagopsis verus, when it will be shown that Depéret’s original view in
distinguishing between ¢ Lagodus Fontaunesi” and Lagomys rerus is the eorrect one,
we have for the present only to deal with Depéret’s fivst memoir, in which ¢ Logodus

Foutaunest”™

is described, and wheve he asserts that it is distinet as a genuns from
Titauomys visenoriensis of the Lower Mioecene.

For this Depéret gives two reasons.  In the first line he maintains that his Lagodus
preserves in its adult dentition part ol the characters of the decidnons dentition of
Titauomys visenorieusis, meaning that in the latter the milk-teeth alone are rooted,
while in the former the permanent check-tecth are rooted as welll 1 have already
disposed of this supposed difference, by showing that the permanent teeth of Z%tanomys
risenoriensis ave likewise rooted.

Depéret’s second reason is given in the following words :— Le Lagodus Fontannesi
se distingne d'aillewrs facilement du Zitvionys cisenoriensis. .. par quelques différences
dans les dessins d’émail gui ornent la surtace de la couronne ” (7. e. of the upper molars).
“ Dapres M. Filliol, le lobe postévienr des molaires supérieures du Zitaioinys &’ Anvergne
est orné d’un double pli en chevron entomrant une pointe externe; dans le Lagodus de
La Grive il ¥ a trois plis en chevron concentriques et pas de pointe extérvicure bien
manifeste .

The enlarged figures of the triturating surface in the teeth of “ Layodus Fountannesi”
and Zitanouys risenoriensis do not help us, as they are sadly inacenrate.  The artist who
drew the former § completely failed to nnderstand the pattern; while in Filhol's enlarged
drawings§ the artist has not even made an attempt at aceuracy, contenting himself
with drawing the outlines of the teeth, and leaving out alimost completely the details of the

% Arch. Mus. Lyon, iv. p. 164, pl. xiil. fig. 17 (1887).
T Op. eit. p. 125, I Op.eits pl. xiin. fig. 195, '§ Op. cit. pl. il fig. 15.
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crown’s surface.  In the figures which T give of the tecth of both forms*, no essential
ditference is to be seen in the pattern.  The disagreement in the description of the two
writers finds its explanation in the somewhat loose way of deseribing the triturating
surface, /. e. by the failure to distinguish between a dentine surface bordered hy two enamel
ridges which alternates with an enamel fold filled with cement, so that only the two
enamel horders of the fold appear ou the surface.  As an outeome ot this alternation we
find, when proceeding from the inzer side of the tooth to its outer side, the following
succession in the middle line of the tooth : enawmel ridge ; dentine; enamel ridge ; cement ;
enamel ridge ; dentine ; enamel ridge ; cement; enamel tuberele of the outer side.

Apparently the two writers do not always apply the term *“chevron ™ to the same
thing. Tilhol, speaking of the © deuxicme ¢lément ” of the tooth, by which lie means
the part of the crown backward from the anterior lobe, his  premier élément,” says:
“ Chez les Tilunounys, on peut le considérer comme constitué par un chevron 4 sommet
interne, dont les deux extrémités eirconserivent une pointe externe.  Ce premier chevron
est borné en dedans par un deuxiéme chevron dont le sommet corvespond au bord interne
de la dent.  Ce mode de structure est surtout bien margué sur la troisicime molaire ” .
This description, which is quite corrcet as far as it goes, applies equally well to the
species of the Lower and to that of the Middle Miocene, as may be seen by a com-
parison of the fizures (Pls. 36, 37, 39); by consulting the figures it may he further seen
that what the aunthor calls chevrons are the spaces of dentine bordered hy enamel ridges,
which spaces mark the position of enamel cusps before wear set in.

Depéret, in describing the same  troisicine molairve,” 7. ¢. the posteriov of the three
premolars, of Lagodus Foulainesi, says :— Cette couronne se compose de deux prismes
d’émail étroitement accolds, un pen micux distinets en dehors que duw ¢oté interne, qui est
de {forme arrondie.  Le prisme antérieur [Filhol's premier ¢lément] est composé d’un
seul pli d’émail transverse; le prisme postéricur aw contraire, & surface triturante coupde
obliquement en arricre, présente deux plis d'émail en chievron & pointe interne, ce qui
dessine sur la couronne trois petits croissants concentriques, si on compte la lamelle
d’émail qui limite Ie bord interne de Ia couronne 3.

Lt is certainly not accurate to describe the single eylinder of which these upper teeth
consist as composed of {wo enamel prisms “¢troitement accolés.”  Apart from this,
Depéret’s deseription, like Filhol’s, applies to both Lagodus Lontawnesi and Tilunoiys
visenoviensis. By < deux plis d’émail en chievron & pointe interne,” the author evidently
has in view, firstly, the larger, internal, of the two enamel folds ; secondly, the creseent-
shaped cusp (6) external to it, which by the eflect of wear presents a dentinal surface
hordered by an outer and an inner cnwmel vidge. By counting, morcover, the enamel
border of the internal side of the crown, Depcéret arrives at the number of three © petits
croissants concentriques,” which on the following page are cailed ** trois plis en chevron
concentriques.”  Filliol leaves out of account the enamel {old hy which his two chevrons

are scparated.

# Pl. 36. figs. 18, 19; PL 37. fig. 11; Pl 39. fig. 16 (ZWtanomys viscnoviensis). Pl 36. figs, 6-8, 12-15
(1. Fontannesi). T Op. et 30, I Op. it p. 127,
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As a result of this minute analysis we find that there exists no essential difference in
the tooth-pattern of the two supposed genera.

The voots of the Titanomys-molars have next to he deseribed. I have elsewhere dealt
incidentally with the conditions in 7Vtanomys (Lagodus)*. 1 was impressed by the
fact that the chief points of wear are on the inner side in the upper, on the outer in the
lower molars, and that these parts are the first to appear lengthened (vertically) in
teeth in a condition intermediate between brachyodonty and hypsclodonty, while the
outer sides of upper, and the inner sides of lower molars remain, as it were, in a passive
condition (for upper molars of Tilunomys sec Pl 39 figs. 1.2, 5,13, 11, 19). It then
appeared to me that the upper teeth ol Tétunomys showed the hypselodonty—which,
as above demonstrated, is here in fact “aceompanied by a gradual and essential ehange
of the pattern of the erown ™ 7—to extend gradnally towards the onter side. In the
description of the pattern of the Protagus-molars (pp. 452, 153) I have reconsidered my
former view, and have been able to show that the obliteration of the oviginal pattern is
chiefly the consequence of an atrophy on the onter side; whereas the secondary pattern
is brought about by a new addition, starting from the immer side and divected chiefly
snward. It remains none the less trne “that the vertical elevation of the erown, the
first stage towards hypsodonty, always has its starting-point from the iunwer side of
upper molars”{. 1 added at the same fime that “the inner root (of the npper molars)
which ultimately will remain open, gradually extends outward, increasing in size, and
receives a coating of enamel”§. It is against this latter assertion especially that the
Rév. Pére Iende has directed a eriticism, couched in energetic terms ||. When he
begins by saying that I had not demonsirated my assevtion, he is perfectly right; but I
had at the time no other intention than to assert, reserving full demonstration for a
work on the Lagomorpha under preparation, as inttmated on p. 208.

The Rév. Pore’s argnments are to the elfeet that the roots of teeth cannot be imagined
to reecive a coatine of enamel, because rachyodonty “est nun arrét de développement,
une fixation par cessation de mouvement, une détéroration du fiat transformé en racine.
Conséguemment la dent ne pent revenir & son mouvement initial.”  In ovder. to
demonstrate that < logiquement ” hypsclodonty is more primitive (¢ plus ancien ) than
brachyodonty, and that * réellement ces deux faits sont phylogéniquement indépendants,”
the Rév. Pore adduces the incisors of Rodentia. D'autre part tontes les incisives des
Rongeurs ¢tant essenticllement hypsodontes et & toutes les ¢pogues, an point qu’elles
emportent la définition de Pordre, il faut admettre qu’elles n’ont pas varic, qu'elles ont
un caractere commun fixé, et qua ce titre Phypsodontisme est plus général que le
hrachyodontisme.”

It is not hypselodonty, as such, which is the more primitive condition, but the
growing of a tooth by a persistent pulp. And. sinece hypsclodont teeth continue to
grow hy persistent pulps during the greater part or the whole of the animal’s life,

# Proc. Zool. Soc. London, 1893, p. 206. T L0 * 10 § La
|| ¢ Mcmoires concernant I'Hist. naturelle de I'Twpire Chinois. par des Peres de la Compagnie de Jésus,” t. iv,
p. 75 (189%).
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they may, in a semnse, be termed primitive; buf, as a matter of course, hrachyodont
and semihypselodont teeth, before they ave perfectly developed, have the cavities at
their bases open as well as hypselodont teeth; and when they are in this condition,
their brachyodonty is not yet “un arrét de développement.”  Ontogenetically and
“ togiquement,” every hypsclodont tooth passes through a brachyodont condition, the
shaft enly gradually increasing in length.  Phylogenetically, brachyodonty is also more
primitive than hypselodonty, as is known to all scientific morphologists who have a
knowledge of paleontology.

On Pl 39. figs. 19 and 20, T have delineated side by side in the anterior view a
posterior upper right premolar, p. 1, of ZLitwnomys Foutawnesi—the same specimen

of which the upper view is figured on Pl 36. fig. S—and an upper right molar of

a young Pteromys, in which the roots are not yet closed. Tig. 1f vepresents the
anterior view of a right npper molav of 7% cisenoviensis, ligured in upper view on
Pl. 36, fig. 18. Now, il we are entitled to call roots, even though they be
imperfectly developed, the threc prolongations of the erown in Plesomys (fig. 20),
I think we are justified in applying the same term to the evidently homologous
parts in the figured teeth of Zitanomys (cf. figs. 14 and 19, and figs. 1, 4, 5, and 13),
and in repeating what I have said formerly *, that the inner root of Zvtanoinys, which
ultimately will remain open, increases in size and receives a coating ot enamel.

Even perfectly adult brachyodont teeth preserve at their extremity a minute
opening for the passage of nerves and vessels, so that it may be left to individual
judgment at which phase in the ontogeny or phylogeny of a tooth we may begin
to use the term “root.” Iaving no desive to juggle with words I would, be
quite ready to desist using this term for the part ol the tooth of 7ilwuvuys which
is the homologue of the inner voot of Pterowys; but thereby nothing would be
altered. The question at issue is. whether or not a coating of cnamel has extended
to that part; and that this has heen the case is shown plainly enough by the figures.

It is interesting to compare the tooth of 7't. viscuoricusis (fig. 1) with those of
Tit. Fontannesi (figs. 1, 13, 19).  The small outer roots are perfectly closed in the
former and more detached from the shaft than in the latter.  The tooth of the
former, as shown by the upper view (L1 36. fig. 1), is from an old individual ; but in
none of the numerons npper premolars or molars of 7%/, Foilainesi have I met with
closed outer roots.  The coating of the enamel does not extend so far downward on
the inner side in 7. cisenocicusis as in Tit. Foutunnes:.

A further difference between the Lower and the Middle Miocene species is also
characteristic. In the former (Pl 89, fig. 1L) the external part of the crown extends
more outward than in 7%t Fouteunesi, beyond the small roots; this character has
been already noticed and explained in the deseription of the triturating surface, as
due to the atrophy of the onter region heing less advanced in 7%¢. eisenociensis than
in the more recent species.

To proceed now to a closer examination of the small outer roots of the upper moiars
and premolars of Tifanomys. In a passage, quoted above, p. 440, from 1I. v.

# Proc. Zool. Soc. London, 1893, p. 200,
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Meyer's posthumous deseription of the Rott skeleton, mention is made of npper molars
of Zitanomys found isolated, but only one small outer root is aseribed to them.
I likewise find that the anterior milk-tooth, & 3, of the Rott skeleton has one
small outer root.  Almost all the isolated teeth at my disposal, of hoth species,
exhibit two symmetrical outer rootlets, which represent the lower free terminations
of two prominent ridges on the upper outer region of the tooth, as in the figured
deciduous tooth of ZLepus Pl 39. fig. 9, ), with the difference that in the latter the
posterior part of the first appears higher, and the ridges, therefore, more lengthened
than in Zitaioinys. 'The ridges, of which the onter rootlets are the lower termina-
tions, are present also in molars and premolars of all Lagomorpha growing from
persistent pulps.  Tigs. 7 and S (PL 39), rvepresenting germs of' the first upper true
molar of a rabbit, show them in side view (at the right side of the figures).

In a left wpper jaw of Titauomys Fownlannesi the voots of the cheek-teeth ave
described in the following manner by Depdéret:—La disposition des racines est
aussi tres particulicre, et differe de ce que Pon voit chez les Léporidés pour se
rapprocher d’antres groupes de Rongeurs tels ¢ue les Spermophiles.  Chacune des
quatre dernicres molaires porte troix racines, dont une interne grosse, ovalaire trans-
versalement, et denx externes relativement tres petites et arvondies.  Llalvdéole de
la premicre molaire est petit et rond : il annonee une molaive uniradiculée et &
conronne assez pefite ”*. The figure of the specimen t shows the empty alveoli of
p- 2 and m. 1, so that the mode of disposition of the roots in the jaw can be seen.
Depéret’s description is confirmed and supplemented by the fignre which L give
(P1. 36. fig. 23) of a lelt maxillary from which the teeth have dropped out.

P. 2 of Til. riscnoviensis, the anterior lobe of which we have seen to be somewhat
reduced antevo-externally (Pl 36. fig. 19), as compared with the posterior teeth, has
ounly onc onter rootlet (P1. 39. fig. He«); in the place of the antero-external rootlet
it displays a eunrious eonformation, which wives at once a chie to that of the rootless
molars of the other lagomorphous genera, and explains why the upper teeth described
by H. v. Mever have one outer vootlet only.  There is no free antero-external radicle
to this tooth ; but, as seen in the side-view (tig. 5 «, Pl 39), a raised ridge runs along
its antero-external side down to the bottom, wheve, as shown in the lower view of
the tooth (fig. 5, 4), it is confluent with the lower opening of the large inner root,
the homologue of the widely open cavity n the genera (Lagopsis, Prolagus, Lagoinys,
Lepus) with rootless teeth.

To judge from its alveolus, p- 2 of T'ilanoumys Loulaunesi was move like p. 1 and the
true molars, than p. 2 of Zil. viscnoviensis.

Fig. 2, Pl 39. represents («¢) the anterior, and () the outer view, of the last upper
molar, vieht side, of 7Zil. Foulvuuesi, the upper view of which has been figured in
Pl. 86. fiz. 6. Both outer rootlets are broken ofiy hut they seem to have had a free

# Charles Depéret, = Rech, sur Jo Mucecssion des Taunes de Vat. Miocines, cte..” Arch. Mus. Hist. Nat. Lyon,
t.iv. p. 171 (1887,
+ Op. cit. pl. xini. fig. 19,
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termination like the teeth anterior to them (figs. 1,13, 19).  The outer view (4) shows the
whole of the outer side devoid of enamel.

The levelling effeet of trituration tends {o produce a more lophodont character of
the erown. In an unworn condition, however, these teeth present a mueh more
bunodont appearanee, and it requires a very small effort of imagination to trace them
hack—eonspicuously so the intermediate in the series, whieh are morve typical—to a more
brachyodont as well as bunodont form, in which the predominant feature is that the
cusps, while the intervening enamel folds would appear as shallow valleys, are not yet
filled with cement. We meet with sueh brachyodont types in the Eocene (classed as
Creodonts and Lemuroids); more than any other, the Boeene *¢ Pelycodus letveticus
Riit.,” and Plesiadapis. hoth so-called Lemuroids, show teeth in close agreement with
Titanomys.  Let, rvice wversa, a brachyodont molar of the shape of « Petycodus,
helveticus > (Pl. 86. fiz. 3) or Plesiadapis (Pl 36. fig. 2) become somewhat more
hypselodont by the heightening of its shaft, and let the valleys between the cusps be
filled with eement, and the result will be a Z%tanonys-tooth.  This I had in view when,
on a former oecasion *, I stated that the structure of the lagomorphine molar ean
be traced baek to a “ pelyeodoid type.”

2. Genns PRroLaGUs.

Lagomys, G. Cuvier, Oss. foss. 1v. pp. 21, 22 (1812), sce. ed. iv. pp. 200, 203 (1823) ; Rud. Wagner,
Kastner’s Arch. f. d. ges. Naturlehve, xv. pp. 14, 18 (1828) ; id. Oken’s 1sis, p. 1136 (1829) ; p. p.
[I. v. Meyer, Neues Jalirh. 1836, . 58; p. p. id. Foss. Saugeth. cte. von (Eningen, p. 6 (1845) ;
Waterhouse, Nat. Hist. Mammalia, ii. p. 32 (1818); Lartet, Not. Colline de Saunsan, p. 21 (1851) ;
. p- Fraas, Wiirtt. naturw. Jahresh. xxvi. p. 171 (1870) ; Lydekker, Cat. Foss. Mamm. Brit. Mus.
1. pp. 256, 257 (1883), v. p. 3235 (1887).

Anoema, Koniz, leones Foss. Scetiles, pl. x. fig. 126 (1823).

Prolayus, Pomel, Cat. méth. p. 43 (1853).

Myolagus, Hensel, Zeitschr. deutsch. geol. Ges. viii. p. 695 (1856).

Archeomys, Fraas, Wiirtt. natnrw. Jaliresh, xviii. p. 130 (1862).

G. Cuvier was first to recognize that some fossil vemains, whieh belong to the above
genus, are those of a lagomorphine Rodent; he figured and deseribed thent from an
ossiferons breecia of Corsica, and later from a breccia of Sardinia, considering them
to be a species of Lagoinys.

In 1825 Kénig figured, in his < Teones Foss. Sectiles,” a skeleton from (Eningen.

II. v. Meyer (1836) notes among the Mammals of (Eningen the genus Lagonys ; the
same, aecording to Murchison, had been previously sugeested by Laurvitlard v. I v,
Meyer firther supposes that Konig’s o/ noem« might belong as well to the former genns.

From the AMioeene of Sansan (Gers) and Venerque (ITaute-Garonne), Lartet mentions
a lagomorphine Rodent of the size of a large rat, which he proposes to unite with

* P 7. 8.0 1893, p. 208,
+ 1. 1. Murchison, *On a Fossil Fox found at (Eningen, near Constance,” Trans Geol. Soe. London, iii. 2,
Pe 255 (1832),
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Lagoiys, on aceount of its having one superior molar less than the genus Lepaus ; adding,
however, that the Sansan fossil has one inferior molar less than the existing Lagonys.

For this same Rodent from Sansan, Pomel proposed to ereate the sub-genus Prolagus,
on the ground of its differing from Lagoinys ¢ par la dernicre molaive inférienre, qui a
trois prismes par réunion de la cinquicme molaive & la quatrieme.  Du reste, la premicre
est aussi triangulaire.  On pourrait nommer Pespece Prolagus sansaiiensis.”  The
hypothetical fusion of two molars, stated here as an undoubted faet, does not stand
elose investigation, any more than in the case of Ztanonys. But to this 1 shall return
in the sequel.

An excellent deseription of the remuains of the lagomorphine Rodent from the
ossiferous breceia ol Savdinia is given by Ilensel. e founds on them his new genus
Myolagus, and points out that one of the two Lagomyidwe trom ningen, Lagomys
Meyere, v. Tsehudi, s elosely related to the Sardinian fossil, and thevefore likewise to
be placed in the genus Myolagus. (1t is a pity that the perfectly well-characterized
Myolagus has, for priovity’s sake, to give way to Pomel’s © Prolagus,” just as it is to be
regredted that Pomel’s amply-deseribed Lagodas has to stand back before 1. v. Meyer's
imperfectly chavactevized Zitanomys.)  Hensel vefers to Pomel’s Prolagus * | and rightly
observes that the eharacters mentioned by the latter writer recall to mind the genus
Myolagas ; he considers them, however, to be insuflicient for a decision.  This was quite
true at the time when Hensel wrote. It is incorrect to say, as has been done by
H. v. Meyerf. that Iensel based his genus uniquely on the form and number of the
lower eheek-teeth and the position of a foramen mentale.  1ensel had laid great stress
also on the pattern of the upper teeth {, a character wlieh . v. Meyer, as in the case
of DLitanomys, studionsly avoids discussing.

A step backward is made by Fraas, when he figures and deseribes a well-preserved
mandibular ramus from Steinhenn under the name ot Adirchwomys stediheimensis.  1le
was set vicht by Il v. Meyer §, who referred the supposed Avrehwomys from Steinheim
to < Lagomys (Myolagus) Meyeriy Tschudi,” und in 1570 he atoned for his mistuke by
aiving a lull deseription of the Steinhenn Rodent in question.

PROLAGUS (ENINGENSIS,

Anvema wuingensis, Konig, teones Foss. Sect. ph x. fig, 126 (1825).

Lagowmys wningensis, p. p. 11 v. Meyer, Nea. Jahrh, p. 58 (1836).

Lagomys wningeasis, Waterhouse, Nat. Ilist. Mamv-alia, it p. 32 (1818).

Lagomys Meyeri, v. Tschudi, in 11 v. Meyer, Zur Fauna d. Vorwelt. Foss. Singeth. ete. von (Eningen,
p. 6, plo i figs. 2, 3, pl i bg. 2 (1815) 5 Lydekker, Cat. Foss. Mamm. Brit. Mus. 1. p. 257
(1885).

Lagomys sansaniensis, Lartet, Not. Coll. de Sansan, p. 21 (1851).

Prolagus sansaniensis, Pomel, Cat. méth. p. k3 (1853).

= (p. el p. 702, 7 Palacontogr. avil, p. 225 (1570).
T Op. et p. 895, § Neu. Jahrb. 1864, p. 1975 1865, p. S43.
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Myolayus Meyeri, Hensel, Zeitschr. deutseh. geol. Ges. viii. p. 699 (1856) : Fraas, Wiirtt. naturw. Jahresh.
xxvi. p. 171, pl. v, figs. 2-16 (1870) ; Schlosser, Paleountogr. xxxi. p. 28, pl. xii. fig. 44 (1834).

Archeomys steinheimensts, Fraas, Wiirtt. Naturw. Jalwesh. xviit. p. 130, pl. 1i. fig. 19 (1862).

Lagomys (Muyolagus) Meyeri, H. v. Mever, Neu. Jalivb. p. 197 (18G4), p. 813 (1865).

Layomys verus, p. p. Fraas, Wiirtt. Naturw. Jahvesh. xxvi. p. 171 (1870).

Prolagus Meyer/, Depéret, Avch, Mus. Lyor, iv. p. 123, pl. xiil. figs. 18-18 ¢ (1887).

Myolugus sausaniensis, Filhol, Aun. Seiene. géol. xxi. p. 46, pl. 1. fig. 8§ (1891).

Lagomys (Prolagus) Meyeri, Depéret, Arch. Mus. Lyon, v. p. 535, pl. i, figs. 30, 31 (1892).

When publishing his first note on Lagomys-like Rodents from (Eningen (1836), H. v
Meyer was not aware that two rather different forms ocenr theve; he comprises them
hoth under the name of Lagomys wuingensis.  Later on, in his Monograph of the fossil
Vertehrata from ningen, hie arbitrarily sets aside IKénig’s speeific name for the smaller
form, for whieh hLe adopts a manuseript name by v. Tschudi, Lagouys Jeyeri, found on
one of the labels, while he reserves the name Leagomys wuingeasis for the larger
form. \s stated before, the same author identified the lagomorphine Rodent from
Steinheim with the smaller forw from Mningen; and in the sequel equally those from
several other Miocene deposits in Germany.

On the gronnd of Pomel's deseription of the Sansan speecies, Rehlosser adds Lagoinys
(Prolagus) sansaniensis, Pomel, to the synonyms of  Myolagus Ieyeri; and likewise the
Lagomyidee from the Spitzherg in the Ries, near Norvdlingen (Bavaria). veferved to
Lagomys rerus, Hens., by IFraas (1870). Lillol has figured as Jyolagus sausaniensis
(E. Lartet) the type-specimen, a mandibular ramus, of Lavtet’s Lagouys sausanicnsis,
and is satisfied that « cette espece. comme on le verra par 'examen de la figure grossie
que nous en donnons, était tres différente de tontes celles ui ont ¢t¢ déerites ™=, It is
precisely this enlarged figure of the lower cheek-teeth whieli shows conelusively that the
Sansan fossil is one and the same with the P’rolagus species from (Enmingen and Steinheim,
as conjectured by Sechlosser and confirmed by Depéret +, who has added La Grive-
Saint-Alban (Isere) £, Mont-Ceindre, and Gray § to the localities of this widespread
Middle Miocene species.

The following descriptions are hased on specimens colleeted at La Grive-Saint-Alban
by myself.

In the genus Prolagus the molars arve no longer rooted, and, with the exception of the
deciduous teeth, all the cheek-teeth grow from persistent pulps. It does not, however,
follow that the tritmrating surface preserves throughout the animal’s life the same
pattern.  This is the usually accepted belief || 5 but although the proofs to the contrary

*

Ann, Ne, Géol. xxi. p. 47, pl. 1. fig. & (1891).
Areh. Mus. Lyon, v. p. 57 (15492).

Op. cit.iv, . 167 (J88T). v, o 56 (1804,

§ Op.cit. v, p. DY,

ok

Il See, e. g.. Giebel. in Bronn's - Klassen und Ordnungen des Thierreichs,” vi. v. p. 152 (1875), where he treats of
the Rodentia with laminated teeth (** Blitterzahne ), including the Lagomorpha. Tle says of them: * Die
Kauflichen dieser Zdhne dndern ihre Zeichnung dnveh Abnutzung nicht.”  He might have known better. at least
as regards the Hares, from what Hilgendorf had said ten years before (Mouatsber. K. Prenss. Akad. d. Wissenseh.

Berlin, 14 Dez. 1565, p. 673) respecting the npper grinding-teeth of young Hares,
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are not in all cases so evident, and so surprising at the same time, as in the group under
consideration, or as in Geomyidwe *, or IHaplodonlia 4,1t is nevertheless a fact that neither
in Rodents nor in Mammalia generally is the surface of the crown absolntely identical
throughout its length ; although in many of them we may speak of a relative constancy
of pattern.

Hensel, in the description of the upper tceth of Prolagus, has overlooked this
circumstance, and as a result has in one case wrongly interpreted the tooth-structure.
This occurs in the deseription of  Myolagns sardus;” 1 but, since Fraas has endorsed
Hensel’s error in his description of Zrolagus wiiigensis (Kén.) (¢ Uyolagus eyeri™) §,
which diilers very little from the former, we shall have to deal with the argnment in the
present deseription as well.  How little both llensel and Fraas werc aware of the change
of pattern depending on the age of the animal is shown by the way in which, for
convenience sake, they stndied the tooth-crown. Hensel does not figure the natural
surface of attrition, hut gives transverse sections of it ||; while Fraas declares % that it is
more convenient to examine the teeth from the inferior side, meaning the open alveolar
end of the shaft!

Tie. 21, PL 36, vepresents the four upper grinding-teeth of Prolagus wiingensis in a
rather worn condition.  Both the upper true molars, the fourth and fifth in the series,
those teeth which in 7ituinomys exhibit a beginning of reduction on the postero-external
side, have undergone in Prolaguns wningensis a considerable change as compared with
the same teeth in the former genus.  Of the two more or less erescentic enamel folds
of Titunomys, only oue, apparently the inner, persists, in the form of a very small
enamel islet in the posterior part of the triturating surface (). The noteh of the internal
side («) has been transformed into a transverse enamel fold, which, as we shall find to
be likewise the case in Lagomys and Lepus, approaches the outer side of the tooth.  The
enamel lining of the outer side, partially interrupted in the postero-external corner of
m. 2 of Titaiomys, is almost entirely missing in the external horder of both the molars
of Prolagus (and of its posterior premolar as well).  In other words, the outer parts of
the crown, those which are the least affected hy tritwration, have degenerated in conse-
quence of disuse; and we might be inclined to assume that eompensation has been
effected by the transverse fold penetrating towards the outer part.  But this is not, to all
appearance, the exact explanation of the phenomenon.  The triturating surface in the
tooth of the young animal—in the part of the shaft which is the earliest formed—is
nore square than in the adult; in the latter, it presents the well-known narrow
transverse shape of the lagomorphine upper molar.  if we remove one of these tecth
from its socket and examine it from the anterior or posterior side, it can be scen that,

* (. Hart Merriam, ¢ Monographic Revision of the Pocket Goplers. Family Geomyidic” (North American Fauna,
no. 8, pl. 16 (1595).

Proc. Zool. Roc. London, p. 706 (1807).
Zeitsehr. deutsch. geol. Ges. viii. pp. 690, 691 (1656).
Winrtt. naturw. Jahresh., xxvi. pp. 174, 175 (1570).

ot —b

« Die Bickenzihne sind stets senkrecht zu ihrer Axe angeschliffen worden, daher sind die Abbildungen
cigentlich eine Aneinanderrcihung der einzelnen Querschnitte ” (L e p. 703).
€ Op. cit. p. 178,
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while its outer border maintains throughout its height almost a vertical direction, or is
even concave, the inner part of the tooth slopes down medially, from below to above
(taking into account its natnrai position in the maxillary). The tooth, thevefore, as it
continues to grow, extends persistently in a transverse direction ; but this growth takes
place chiefly, if not exclusively, towards the internal side; so that the transformation of
the internal notch of the 7itwnomys-tooth into the transverse fold of the true molars
of Prolagus is not the result of its extension outward but inward. In other words,
new formation takes place in that part of the tooth where there is inereased work,
that which 1s scarcely or not at all affeeted by trituration—not

while the outer part
only remains stationary, but even becomes atrophie.

On the other hand, since in the more specialized forms, beginning with Prolugns
sardus (P1. 86. fig. 21), the transverse enamel fold reaches almost the onter side in the
true molars, it is very possible, and cven likely, that secoundarily a slight extension
oulward of this transverse fold takes place; although the outer border of the tooth
is nearly functionless, its condition, almest devoid of enamel, would nevertheless effect
a too rapid wear of the dentine if some compensation were not ensured.

The posterior of the three premolars, p. 1, sitnated between the first molar and the
second premolar, is intermediate in shape as in position.  Both the crescentic enamel
folds of Titanomys ave preserved in this tooth in the shape of central cnamel islets, a
much larger internal one (2), with an eclongate anterior horn, and a smaller outer
one (¢) (tig. 21). The transverse fold (v) which opens on the inner side is much
shorter than in the woelars; it is scavcely more than an clongate noteli. To put it
otherwise, as compared with the molars, p. 1 presents less reduction in its external part,
and less new formation i rvegard to the transverse fold starting from the inner side.
Exactly the inverse is apparent when we compare p. 1 with the tooth in front of it.

This Jatter (p. 2) has triangular contours, with the apex internally, a shorter, slightly
convex anterior, and a lenger posterior side; as a consequence, its outer border runs
obliquely. In its pattern, this premolar strongly rescmbles the Titanoiys-teeth; mstead
of a transverse enamel fold we find I 1t a short noteh (@) on the inner side, as
in Zitanomys; while almost the whole of the erown-sarface is oecupicd by the two
erescentie enamel folds (4 and ¢), with an indication of a minute third one—equally
marked in Zitawvinys—on the antero-external corner.  The latter is more distinet in
younger specimens of Prolagus @uingensis (PL. 386, fiz. 10, p. 2). The enamel folls

alternate with creseent-shaped, pointed cusps.

On comparison of p. 2 with p. 1 it becomes at once clear that the main ditfevence
betw een the two consists in the cirenmstance that the erescentic enamel folds in the
former have become reduced to the condition of enamel islets, their communication
with the antero-external margin of the tooth having ceased.  When deseribing p. 1 of
Prolugus sardus, in which, as a comparison of our figures shows, this tooth (fig. 24, p. 1)
is ahmost identical with its homologue in P. wningensis, Hensel labours nuder a strange
misconception.  Ile says :— Das Merkwindigste aber an dem Zahn sind zwel isolierte
Sehnelzeylinder.  Sie hefinden sich in dem dusseren und hinteren Viertel des Zahnes.” #

# Up. cit. p. GO0,
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After desceribing these enamel eylinders acenrately, he continnes :—* Der Inhalt dieser
beiden kleinen Cylinder ist ganz gewiss Zahnbein, obgleich eine mikroskopische Unter-
suchung nicht angestellt werden konnte.  Man sieht aber an dem Wurzelende des
Zahnes die beiden Cylinder, sowie den ganzen Zahnevlinder, hohl, daher sie auch wie
dieser sich spiter wohl mit Zalmbein fiillen werden.  Wir haben hier ein Beispiel einer
Zahunbildung, die bisher noch nicht beobachtet wurde. Denn hier ist nicht eine Ver-
cinigung ecinzelner Cylinder za einem Ganzen wie bei den sogenannten zusammen-
gesctzten Zilmen, sondern eine Einschachtelung “[inclusion]” zweier cinzelner Zilinchen
I emen grossen.” *

It scems strange that so aceurate an ohserver shonld not have pereeived at once that
the islets (““isolierte Schmelzeylinder ) of p. 1T are the homologues of the two enamel
folds which, on the preceding page, lic had described in the anterior tooth (p. 2); and
that an enamel fold whose central part dips vertically, and deeper in the shaft of the
tooth than the periplheral, generally becomes by attrition reduced to a central islet  This
is a phenomenon of the most common occurrence in teeth of all Mammalian orders.
Hensel’s misconception is iutelligible only from his apparently not heing aware that
teeth growing from a persistent pulp, like the brachyodont teeth, though only to a
certain extent, ave liable to changes in the pattern of their triturating surface.

As a matter of conrse the enamel islets of p. 1 are filled with cement, as are the
enamel folds of the anterior tooth.  The argument adduced by Ilensel goes for nothing,
as not only the dentine, but also the cement 1s always missing in the root-ends of these
teeth, both substances being not vet developed in these younger stages.

As mentioned on a preceding page. Fraas has endorsed Ilensel’s statements, when
describing the similav-fashioned p. 1 of P, wuingensis. e is, besides, of opinion that
the decidnons teeth furnish the explanation of the conformation of p. 1:.—%Die
Betrachtung der Milehzihne wirft ant diese in der That von alien bekannten Zihnen
abweichende Bildingsweise ein Licht.” ¢ A supposed extraordinary phenomenon calls
for an extraordinary explanation, and this he gives when describing the deciduous
teeth £.  IIe means to say that there is a conneetion hetween the roots and the enamel
folds. inasmuch as the eylindrical roots are included i (or by) the tube composing the
whole tooth, as it were, nested in it (¢ cingeschachtelt ")—just as we shounld speak of
willow-boxes nested one into the other—the folds appearing on the surface of attrition,
according to this theory, being but the npper ends of the cylindrical roots!  The only
thing which the author thinks remarkable is the fact that the central folds, which are in
connection with the roots, ave present aswell in the permanent teeth which are devoid of
roots. At the bottom of this singular theory lies, first, the anthor’s initial statement, to the

# Op. cit. p. 691, i Op.cit.p. 175,
T Op.eit.pp. 177,175, - Die Falten. .. .die auf der Kaufliche d ¢s Zahus zu Tage treten sind nielits anderes,

als die oberen Enden der in die Zahnbiichse eingeschachtelten Wrirzeleylinder. Sehen wir somit an den Mileh-
backenzihnen uauf deren Oberfliche Schmelzfalten zu Tage treten. wo die Warzeln sich vereinigen, so begreift sich
dieser Faltenschlag leicht.  Das Eigenthiimliche ist nur, dass sich die inneren, mit den Wurzeln zusammenhingenden
Falten wach an den permanenten Zihnen zeigen. die uher ihre gauze auer wurzellos sind.  Es ist diess, so zu

sagen, die Ucbertragung eines Jugendzustandes auf das Alter. .. .7 cte.
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effect that the roots of the deciduous teeth of Prolugus have a coating of enamel : “sie
bestehen genau ans derselben Schimelzmasse, wie die Zahnbhiichse selbst, die das Zahnbein
umgicht 7’ *; and secondly the fact that in some instances he scems to have mistaken
for roots what in rveality are the tube-like lower terminations of the enamel folds.

In the first tooth of the upper series (p. 3, PL 36. fig. 21) the two enamel {olds arve
also present; they penctrate into the swrface of the crown from its anterior side
and rnn in a longitudinal divection. The anterior horder (¢ wall”) of the triturating
surface, alveady slightly shortened in p. 2, is still more shortened in p. 3, being reduced
to a short longitudinal stump on the antero-internal corner.

From what has previously heen stated, we are prepared to find, in different stages of
altrition of these upper teeth, some differenee in the pattern ; this is, in fact, what takes
place.  The enamel islet of m. 2 has disappeared in old specimens ; and such is the case in
the specimen figured by Fraas§.  The cnamel islet of m. 1 varies in size according to
age, being larger in younger specitens.  The same holds good with regard to the two
enamel islets of p. 1. We anticipated that in yeung stages of this tooth the enamel
islets would have the shape of enamel folds opening freely on the margin of the tooth,
as is the case in p. 2. This is, in fact, what happens in young spechmens of the following
species (L. sardns).  Of P @uingensis 1 have no very younyg examples,

P. 2 varies little with age; the noteh on the inner side is move distinet in comparatively
voung individuals, and there is shown in this stage (fig. 10) a third very small enamel
fold in the postero-external corner of the tooth, which soon disappears by attrition.

Deciduous upper teeth of P. wningensis.—I'vraas has figured the three deciduous upper
cheek-teeth in situ {5 he scarcely describes their pattern, contenting himseltf with the
statement that the anterior one is well provided with folds (** faltenreich 7), and that it
presents much resemblance to the secoud of the permanent dentition §.

I have only detached upper deciduous teeth, five in number.  I'wo of these arve in the
British Musenm, under M5237, from my collections.  The anterior milk-tooth (d. 3) is
not represented among these five detached teeth ; according to the figure of Fraas, and
to what I know of the same tooth of . surdus, 1t has triangulur eontours; while the
detached teeth at my disposal are squnri&h oblong, almost tetragonous, their transverse
dismeter slightly exceeding the longitudinal.  They show (PL 36. fig. 29) an internal
noteli and two enamel folds, the latter opening freely on the outer side.  The internal of
the two folds (4) has the form ol a crescent and is the larger of the two. The roots
arc three in number; the outer two very minute, the inner single one consideralily
larger ; the former run parallel with cach other, but not with the odd inner root, which
strongly diverges from them inward, while they diverge outward (PL 39. figs. 21, 22).

ProLAGUS SARDUS.
Lagomys sardus fossilis, Rud. Wagner, Oken’s [sis, p. 1136 (1529).
Lagomys fossilis, 1d. op. cit. p. 1139.

* In this there is some troth 5 see above, pp. 446, 447,
T Op. eif. pl. i, tig. 6. I Op.ciioploil. fig, 14 § P.177.
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Lagomys corsicanus, Rud. Wagner, op. cit. p. 1139 ; Giebel, Fauna d. Vorwelt, 1. p. 99 (1847) ; Gervais,
Zool. ct Pal, franc., first ed. p. 32 (1848), sccond cd. p. 50 (1859); Lortet, Aveh. Mus. Lyon, i.
p- 33, pl. 8 (1873).

Myolayus sardus, Heusel, Zeitschr. deutsch. geol. Ges. viii. p. 695, pl. xvi. figs. 7, 8, 11 (1856) ; Forsyth
Major, Atti Soe, Ital. Milano, xv. p. 390 (I873); id. Kosmos, vil. (vol. xiii.) pp. 6, 7 (1883).

Lagomys (Myolagus) sardus, Schlosser, Paleontogr, xxxi. p. 20 (1881).

Lagomys sardus, Liydekker, Cat. Foss. Mamm. Brit. Mus. 1. p. 256 (1883), v. p. 325 (1887); Schlosser,
Pal. Ocstr.-Ung. viii. p. 86 (1890).

This Pleistocene species, which is somewhat larger than its Middle Miocene forerunner,
closely resembles the latter in its upper molars, as the comparison of the figure shows.
However, the specialization of the true molars has progressed, for in the teeth of the
adult no trace remains of the two crescentic enamel folds (PL 36. fig. 21).  P. 1 agrees in
the two speeies.  P. 2 is scarcely different in cither; the enamel folds in p. 2 of the adult
Prolagus sardus are slightly reduced in size, and the larger inner fold (4) is, in old
specimens, sometimes shut out from the outer bovder by intervening dentine (tig. 24, p. 2).
P. 3 has its anterior “wall ” somewhat more developed than iw LProlugus wuingensis.

Of this species I have collected a good number of young specimens.  The examination
of vounger stages of the teeth is of considerable interest, as they vecall, more than the
adult teeth, the primitive features of the 7%lanomys-type.

Firstly as to p.2. This tooth, being the most conservative, shows, as might have
been anticipated, the least change from young to old. The diminutive postero-external
cnamel fold, however, which we met with in a moderately young specimen of . @iin-
geunsis, is visible only in very young individuals of Prolagus sardus.

P. 1, as has been intimated above, exhibits in the young stage a elose approach to p. 2
the two enamel folds are not yet reduced to the shape of islets, but open freely on the outer
side of the tooth (Pl 36. fig. 11); the only appreciable difference, apart from its square
outline, consisting in this, that the crescentic cusp (6) whieh divides the two enamel folds
has its anterior horn less produced outward, so that tlie folds unite in & common delta
on the outer side.  The next stage of the still young p 1 (fig. 16) is the pattern we met
with in old p. 2; the small external enamel fold (¢) alone opens on the outer side, while
the larger internal fold has heen reduced to the shape of a crescentic islet (6) The
third stage is that of the aduli, the external fold likewise having become an islet (fig. 24).

It might be expected that very old specimens of p. 1 would show the complete dis-
appearance of the islets, as is the case in the true molars ; this condition I have never
found in Zrolagus sardus, althiough 1 have had the opportunity of examining more thon
a lmndred upper jaws.  But it occurs in a Pliocene form of Continental France
(Roussillon), of w hlch more will be said hereafter.

In the youngest stages of the anterior true molar (fig). I, in jaws which still preserve
the deciduous dentition, remains of the two enamel folds are still visible ; they are very
imperfeetly divided by the last trace of the ouce powerful intermediate ensp. In a
slightly more advanced stage (Pl 36. fig. 16 (1. 1), one or two diminutive cnamel islets,
situated postero-externally to the internal end of the transverse fold, are the last vestiges
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of the enamel folds of m. 1. In rave cases, very young m. 2 likewise show at the same
place a diminutive circular enamel islet, tig. 16 (. 2).

The deeiduous teeth (Pl 36. fig. 1) are scarcely different from those ol the preceding
speeies ; but in these teeth also the crescentie eusp <67
two enamel folds. D.3 is triangular; d. 2 in younger stages somewhat approaches to

does not completely divide the
a triangular contour.

Proricus Loxonts (Gerv.).
Lepus sp., Gervais, Zool. et Pal. Fr. 17 &d. 1. p. 32 (1818).
Lepus loxrodus, Gervais, ib. . explic. pl. xxii,, pl. xxii. fig. 9 (1848-32).
Lagomys lozodus, Gervais, Zool. et Pal. Fr. 27 &l p. 50 (1859) ; id. Zool. et Pal. gén. p. 118 (1867-69).
? Lagomys (Prolagus) corsicanus, Depéret, Mém. Soc. Géol. TFrance, 1. p. 56 (1890), iii. p. 122, pl. xii.
figs. 1, 1 « (1892).
! Myolagus elsanus, Forsyth Major, Atti Soc. Tosce. Se. Nat. i. p. 220, 238 (1875), &c. (vide infra).

Gervais’ Lagomys loroduns has been a stumbling-block for {ifty years, owing, as T
think, to the eiveumstanee that the pattern of the four posterior vight upper eheck-teeth
preserved had not been grasped and was incorrectly represented.  An inspection of the
original specimen would at once settle the question; but since I am not acquainted with
the original, I must deal, as best | can, with the published figure and Gervais’ incom-
plete description.

The figure is four times nataral size.  Gervais’ description runs as follows :—¢ Differe
des Lagomys actuels et diluviens par la forme ovalaire et sublosangique des doubles lobes
de ses seconde a gquatrieme molaires supérienves ; Ia molaire antérieure est en méme temps

plus forte, et elle a ses replis plus compliquds ;—taille sensibleinent inférienre a celle du
Lapin de Garenne”*. It was found in the town of Montpellier, in the Huviatile
Pliocene marls +. At the same locality, under the Palais de Justice, was found the
Semuopilhecus mouspessulanus; and this cireumstance ix of importance, as proving
that these fossils belong to the older of the two fannas, mixed together under the
designation Montpellier.  Semwopithecns oceurs also in the Lower Pliocene of Casino
(Tnseany).

The reason for which Gervais eonsidered the teeth to be the fivst, second, third, and
fourth is obvious ; the last in the series is equal in shape to the penultimate, while in
Lagomys the last molar has a postero-internal appendage. I helieve them to be the
seeond, third, fourth, and fifth (p. 2, p. 1, m. 1, m. 2) of a species of Proluyus, because the
anterior tooth has the charaeteristic triangular outline of p. 2 of Prolagus, with the apex
turned inward (¢f. pl. 86. figs. 10, 21, 24, p. 2). In further agrecment with Prolagus,
Gervais’ figure of this tooth exhibits on the outer side two enamel loops; on the inner,
one. The more minute features of this tooth, as well as of those following behind, were
not recognized, and therefore the latter have heen represented in the manner in which
lagomorphous upper teeth generally were and still are, fonuded on the belief that they
are composed of two distinet lamellee elosely connected.

In my opinion there is not the slightest doubt left that we have to do with a speeies

# Zool. et Pal. Fr. 2¢ ¢éd. p. 50. T L.e.
SECOND SERIES.—ZOOLOGY, VOL. VII. 61
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)
of Prolagus, and 1 feel sure that a close examination of the fossil, if it still exists in the
Museum of Montpellier or clsewhere, will confirm my view.

It remains to engnire whether there is some reason for identifying it with one of
the species of Prolagus found in deposits contemporaneons, or approximately so, with the
strata of Montpellier in question. Of thesc there ave two: (1) Prolagus (Myolagus)
elsanus, which I have mentioned from the lignites of Casino, in the Val d’Elsa, Tuscany ;
and (2)  Lagomys (Prolagus) eorsicanus,” deseribed under this name from Roussillon by
Depéret *. - The little I have to say of the former will be stated in a separate paragraph
hereafter.

As to the latter, Depéret declares that it agrees in size as well as in all other characters
with the Prolagus from Corsica and Sardinia, and he thercefore deseribes it under the
above name.  This proceeding is as it should he; so long as no differences are traceable
between both there is no reason for two speeific names.  But, so far as my own
experience goes, the circumstance of a mammalian speeies surviving unaltered from the
Lower Pliocence to the present era (I have found caleified remains of Prolagus sardus,
var. corsicanis, in an “abri sous roche” of the Neolithic period in Corsica) would he
quite unique, and it is ¢ piviori highly improbable, even taking into consideration that
insular speecies may become, up to a certain extent, conservative in their character. 1
therefore incline towards the helief that hereafter characters distinguishing the Roussillon
from the island forin will he shown to exist.

The presence of a third lower molar, supposed by Depéret to appear oecasionally
in the Roussillon fossil, would he such a distinetive character, since it has never
been observed in the Pleistocene species; hut I give further on (pp. 482, 183) what T
hold to be the real explanation of the fact noticed by Depéret, viz. that the snpposed
m. 3 in certain jaws from Roussillon is simply a portion of m. 2, which has heen
accidentally detached.

Another character noticed by Depéret in the Ronssillon species deserves mention here.
M the specimen from this locality first described it was stated that the three posterior
upper cheek-teeth are similar to each other, being ¢ constrnites sur le type ordinaire des
Léporidés.” I the third volume ol the ¢ Md&moires’ a second specimen is deseribed £ ;
in this the “premicre arricre-molaive ” (p. 1) differs from the same tooth of the first
speeimen by ¢ exhibiting on the surface of its posterior lobe a double chevron-shaped
enamel fold, recalling the molars of Zilwnomys. These folds must disappear rather
apidly by effect of tritnvation, thus explaining their absence on the specimen previously
figured, which apparently was more adult.”  Depéret adds that these chevron-like folds
exist equally in the corresponding tooth in the specimens of  Lagomys corsicains”
from Bastia (Corsica), althougir this character is not represented in the figure of the
latter published by Lortet §, and he coneludes that the above is a complete confirmation

# Ch. Depdret, ** Animaux plioctnes du Roussillon,” Mem. Soc. Gidol. France, 1. p. 56, pl. iv. figs. 27-35 (1590):
il pe 1220 plo xii. figs. 1, 1 (1592).

T Mdm. Soc. Géol. Franee, 1. p. 57 (15900,

£ Op. el p. 122, plo xin figs. 1, 1a (1392).
§ Arch Mus. Lyon, i. pl. viii.
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of the identity of the Corsican and Sardinian fossil with the Pliocene animal from
Roussillon.

1 venture to suggest that the inverse conclusion may he drawn from these statements.
The character in question has been figured and exhaustively deseribed in the preceding
pages.  OFf Prolugus sardus, 1 have vepresented on Pl 36, three stages.  Fig. 11 shows
p-1 of a young individual in which the two enamel foldings (4 and ¢) are large and
confluent on the outer margin. T fig. 21 (p. 1 from an adult and rvather old individual),
they arc scen to be separated from cach other and reduced to the shape of central
enamel islets.  Fig. 16 exhibits an intermediate condition (see p. 456). I these
chevrons are not represented in Lortet’s figure quoted hy Depéret, this is due to an
inadvertence of the artist; for an examination of the figure quoted shows that the
artist had seen something of the kind, but omitted to vepresent it accurately. In the
vast number of maxillavies of Prolagus sordus from Bastia and varions Sardinian
loealitics which have passed through my hands, I have never missed the presence in
p- 1 of the two enamel folds: bnt it is possible that they may disappear in very old
individuals. The faet that, of the only two specimens from Roussiilon examined, this
character was absent in one, proves in my opinion that the Roussillon species, although
geologically older, has execeded the island species in the transiormation of the check-
teeth, thus vepresenting the last stage of Prolagues; /. e, that which approaches closest
to the eondition shown by p. 1 ot Lagopsis and Lagoinys.

The peculiavity whiel I am abont to mention in the anterior lower premolar of the
Prolagus from Casino is not recorded by Depéret in the lower p. 2 from Roussillon; but
it would De worth while to re-examine this tooth in the specimens from the latter place:
for the two Prolagi from Roussillon and Casino may be identical, it we judge from the
association of other identical species in the two localities.  The same may De said of the
fossils from Roussillon and Montpellicy; but the information concerning the Prolagus
from the latter loeality at present at our disposal is insuflicient for close eomparison with
othey fossil forms.

Provacus ELsaxts, Maj.
Myolagus elsanus, Forsyth Major, Atti Soc. Tose. Se. Nat. 1. pp. 220, 238 (1875) ; id. 1 L. Rutimeyer,
Ucber Pliocen und Eisperiode auf beiden Seiten der Alpen, p. 15 (1876) 1 id. Attt Soc. Tose. Se. Nat.
Proc. Verb. p. xc¢, 11 Maggio 1879,

A few fragmentary mandibular rami from the Lower Plioccne liguites of Casino, Val
d’Elsa (Tuseany), preserved in the Pisa Palicontological Musenm, have been long ago
noticed by me, and T have on various oceasions stated that, by the conformation of their
lower anterior premolar (p. 2), their referenee to Hensel's genus Iyolagus (Prolagus) is
beyond doubt. As at the time no species of Prolugus had been recorded from the
Lower Pliocene, I felt justified in assigning a new specitic name to the Casino fossil.

Of some importance, not only as distinetive for the species, is the following charvacter
not previously recorded by me, but of which I was perfeetly aware at the time, for it 1is
shown in two sketehes which I made of the lower anterior premolar, right and left,
presumably of the same specimen. At the postero-internal margin of this p. 2 is a

GL*
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narrow enamel fold—more distinet in the left-hand tooth—ecorresponding to a shallower
and wider fold in Zitanomys, which forms the anterior houndary of a minute terminal
cusp, marked “¢” in the figures (Zitanomys, Pl. 87, fizs. 2, 3, 7, 25). More about
the significance and the homologies of this terminal cusp will he said in the chapter
treating of the lower cheek-teeth. 1 wmention it here, since in no other species of
Prolagus have I met with it in p. 2, and it may therefore be charactervistic of Prolagus
elsanus.

The only teeth known from Casino are mandibular; and as those from Montpellier
arc maxillary, no direct comparison con be made between them. Both deposits are
contemporanecous, and bear other species in common; wherefore there are good grounds for
assuming the specific identity of the remains of Prolagus from the Ttalian with those of
the French deposit.  If this can be satisfactorily shown in the sequel, Gervais’ specifie
name will have to replace mine on grounds of priority.

3. Genus Lacorsts, Schloss.
Lacorsis veErus (Ilensel).

Lagomys wuiugensis, H. v. Meyer, Neu. Jahrb. 1836, p. 58, p. p. ; id. Foss. Siugethiere &e. von (Eningen,
p. G, pl.iil. fig. 1 (1815) ; Biedermann, Petrefacten aus d. Umgeg. v.Winterthur : 11, Die Braunkohlen
von Blgg, p. 13, pl iii. figs. 1, 2,3 (1863) ; Lyvdekker, Cat. Foss. Mamn. Brit. Mus. 1. p. 256 (Specim.
Br. Mus. nos. 42815, 42816 (?), 12820 (?) (18835).

Lagomys verus, Hensel, Zeitsehr. deutsch. geol. Ges. viil. p. 688, pl. xvi. figs. 12, 13 (1856) ; Depéret, Arch.
Mus. Liyon, 1v. p. 161, pl. xiti. figs. 16, 17 (1887).

Titanomys waingensis, 11 v. Meyer, Paleontogr. xvit. p. 228 (1870), p. p.

Lagomys (Lagopsis) wningensis, Schlosser, Palweontogr. xxxi. p. 31 (188 1), p. p.

Lagomys (Lagopsis) verus, Schlosser, op. cit. p. 31, pl. xii. figs. 10, 46, 19 (1884) ; Depéret, Arch. Mns.
Lyon, v. p. 57 (1892), p. p.

Hensel's type-specimen is a mandibular ramus, and will thevefore be more fully
discussed in a later chapter. ITe was impressed hy its approaching much necarver the
reeent Lagoimys than the vemains of Prolagus (““Alyolugus”) described in the same paper.
“ Ieh nenne die Avt Lagomys verus, weil sie sich durch die Zahl ihrer fiinf Backenzihne,
durch die Stellung des Foramen mentale und durch den ersten unteren Backenzahn, der
nur aus einem Cylinder besteht, als ein dchter Lagomys ausweist 7 *,

1t is perfectly true that this fossil is closely rvelated to Lagomys. However, Schlosser
proposed to vaise “ Lagomys wningenses, 11.v. Mey.,” and “ Lagomys veruns, Hens,,” to the
rank of a genus, Lagopsis, a position with which I in general agree, while | disagree in
part with the reasons assigned forit. There is no doubt that some of the larger Lagomyidze
of (Iningen, which were comprised by L. v. Meyer under the above name, are identical
with Tlensel's Lagomys verus; but with regard to other specimens this has ot yet
been demonstrated.  We cannot therefore throughout regard « Lugomys wuingensis,
H. v. Mey.,” as synonymous with « Lagoinys verus, Hens.,” as Schlosser has hesitatingly
assumed in his ¢ Noger des curop. Tertidirs” (p. 32) and more positively asserted later +,
followed by Lydeckker .

* (p. cit, pp. 688, 64, T Beitr. Pul. Ocstr.-Ung. viii. p. 86 (table) (1890).
% Cat. Foss. Mamm. Brit. Mus. 1. p. 256 (1835).
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Schlosser bases his new genns Lagopsés on the differences (from Lagomys) in the shape
of the anterior lower premolar (p. 2), “ und das, wie es scheint, hilufige Fehlen des vierten
Molaren,” thereby meaning the lower m.3. 1 agree with the first proposition; as to the
latter, it will be shown later on that in all the specimens of Lagouys verus, in which
m. 3 is missing, it has simply dropped out, for its alveolus is present.

The upper teeth of Lagopsis, which are here deseribed for the first time, although more
closely resembling Lagomys than Prolagus, present, however, characters which strengthen
the conclusion based on the lower teeth, viz. the establishment of a separate genus.
Lagopsis vealizes the penultimate stage i the evolution of the cheek-teeth of Lagomyid:e,
Lagomys the last.

The deseription of the upper cheek-teeth of Lagopsis may be appropriately preceded by
that of Lagomys*. The numerous existing species of Logoinys show a counsiderable
constancy in the pattern of their check-teeth.  Young individunals were not available to me.
Tn the adult we find a further step away from the Tifenoinys type; not only the two true
molars, hut the posterior premolar (p. 1) likewise, have lost every trace of the crescentic
enamel folds, so that p.1 has become very similar to the true molars, all three showing
the transverse fold proceeding far outward. P. 2 exhibits, in a very interesting manner,
a reduction of the Zilauomys type. There is no transverse fold, the original internal noteh
being maintained; of the two crescentic enamel folds (4) and (¢) only the former,
the internal, remains, and it hears on its outer side a strong eusp (6) and opens on the
antero-cxternal margin of the tooth. P. 3 shows a further reduction as compared with
Prolagus.  Of the internal noteh only a fecble vestige is visible, and of the two typical
enamel folds only the internal one, which rims obliquely from the middle of the anterior
margin in a postero-external direction.

Depéret has figwred from La Grive a left palate devoid of tecth, but exhibiting very
distinetly the alveoli of the five cheek-teeth; he assigns this fossil, quite rightly m my
opinion, to Lagopsis rerus .

Among the fossils collected by myself at La Grive are two rooted upper check-teeth
(Brit. Mus., G. D., No. 5264), which ju size agree with the lower teeth of Lagopsis
zerus from the same deposit.  Lagopsis heing the one Tertiavy genus which, by the form
of its lower teeth, comes nearest to Lagomys, it could be anticipated that the upper teeth
of the fossil would likewise show a near approach to the vecent genus, and this is,
in fact, the case. Additional evidence is furnished by a specimen from (Eningen, to
be deseribed later on.

One of the isolated teeth just mentioned, from La Grive (1 36. fig. 31), exiiibits the
sume somewhat triangnlar outline—the apex being turned outward—and about the same
characteristic enamel folding () as the upper p. 2 of Lagomys. 1In the p. 2 of Lagomys
the outer enamel horder of the erescent () is raised into a strong triangular cusp, with its
convexity turned inward ; in the fossil tooth the inner bovder of the crescent is raised in
the same manner. From p. 2 of Prolugus wiiingensis (Kon.) (PL 36, tiz. 21) the tooth

% Enlarged horizontal scctions of the upper cheek-tecth of Layomys alpinus and L. nepaliasis are given by Hensel.
op. cit. pl. xvi. figs. 1 &5,
T Op. cit. p. 164, pl. xiii. fig. 17.
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figured in fig. 31 can at once be distinguished; the former is mueh smaller, has a tri-
angular outline with the apex turned inward, and a smaller enawmel ereseent (¢), smaller
than, and external to (4). The upper teeth of Zitwnomys Fountannesi, which in size
come nearver to the original of fig. 31, thongh slightly smaller, ave provided with roots,
and they present other differences whieh have alveady been deseribed.  From its
resenmblance to Lagomys this tooth (fig. 31) can therefore with certainty be determined
as belonging to Lugopsis rerus.  The second of the isolated teeth before mentioned, from
La Grive (P1.86. tig. 32), agrees in size with the first; and for this reason alone Prolagus
@ningensis can be excluded. It is either p. 1 or m. 1, it we judge from its agreement
with the eorresponding teeth in Lagomys.

In the Palacontological Collection of the Dritish Museum (No. 12815) is preserved a
slab from (ningen, showing the skeleton, © in a much eruashed and imperfect condition,”
of a lagomyid Rodeut, which Lydekker has determined as Lagomys aningensis, H. v.
Mey., becanse it agrees very closely in size with that figured by L. v. Meyer on pl. iil.
fig. 1 of his ¢ Fossile Singethiere von (Iningen *. On examination of this specimen
(No. 42815) several eheek-teeth ave seen in a fragment of the eranium. preseuting their
inner sides, the hone being herce broken away.  The lower parts of these tecth, in the
neighbourhood of the erowns, as welt as these, were hidden in the matrix when the
specimen cawme into my hands. By carvefully removing the matrix, the triturating
surfaces of the three anterior cheek-teeth (the three premolars) were laid bave, and
it became at onee apparent that this fossil is a Legopsis.

It was too late to have the teeth figured in the present memoir, so that I must
content myself with their description. 1 give tigures of them elsewhere . 'The posterior
of the three teeth (p. 1) exhibits the pattern, which is shown hy the homonymous premolar
of Lagoimys and by the latter's two true molars.  On the outer side of tlis tooth is a
shallow and open groove, which, so far as ean be made ont under a strong lens, has no
enamel border. From the middle of the inner margin a lozenge-shaped narrow enamel
fold (¢« of my figures in Pl 36) vuns transversely aevoss two-thirds of the breadth
of the triturating surface towards the outer side; the posterior enamel border of this
fold 1s raised into a strong erest, running parallel with the anterior enamel border of
the tooth, both presenting a slight convexity turned anteriorly. The enamel fold is
filled with cement in its outer narrower portion, its wider internal opening being devoid
of this snbstance.

The pattern of the middle premolar, p. 2, proves that the isolated tooth from La Grive
(Pl 36. fig. 31) has been rvightly determined as p. 2. As in the latter and in Lagomys,
there is only a comparatively shallow internal enamel fold («) present in the tooth
from (Eningen, the greater part of the triturating surface being oecupied by the enamel
crescent (4) before deseribed in the tooth from La Grive.  Outside the crescent (0)
appears a small enamel ring filled, like the latter, with cement ; this ring is doubtless the
vanishing homologue of the outer enamcl erescent (¢) of Z%twionys and Prolagus, described
in the preceding pages and figured in P1. 36. In the La Grive speeimen (fig. 31) there is

¥ Catalogue of the Fossil Mammalia in the Dritish Museum (Natural Ilistory), i. p. 256, No. 42515 (I1885).

T Geol. Mag., dec. iv. vol. vi. p. 370, figs. 1 & 2 (1899).
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a mere vestize of some such clement in the same place, the tooth being presumably
more worn than that in the (Lningen speeimen.  As in the La Grive tooth, that from
Bningen has both enamel margins of ereseent (4) raised into trinmgular cusps, with
the convexity turned inward.

The anterior premolar, p. 3, of the Qiningen fossil is not dissimilar to the same tooth
of Prolagus wiingensis (Kon.).  Whereas in veeent Lagouys the triturating surface of
p- 3 exhibits only oue enamel fold—starting from about the middle of the anterior
margin and running backward obliquely, i. e. postero-externally—the same tooth in
Lagopsis shows two cnamel folds, as in Prolagus wuingensis, opening ou the anterior
margin, and thence running almost straizht backward.

These differences from Lagomys strengthen, thercfore, Schlosser’s opinion, that the
Miocene fossil is to be considered as a genus (Lagopsis) distinet {vom Lagomys. At the
same time they present a further link in the gradual transformation of the tooth-pattern
(Titanomys—Prolagus— Lagopsis— Lagomys— Lepus). whieh Dbegins in the hindmost
molar of Lagomyidie and, gradually proceeding forward, stops at p. 1 in Lagopsis and

Lagomys, and at p. 2 in Lepus.

Genus LEpus s. 1,

It would seem more rational to treat of the Miocene Pulwolagus before Lepus, since
there are strong reasons for the assumption that the former is the ancestor of the latter.
On practical grounds, however, I think it more advisable to give the deseription of
Lepus fivst, because we can fully understand the dentition of Pul@olugus only after
having dealt with the dentition of the voung of the existing genus; and because, on the
other hand, the latter exhibits a further development of the modernization initiated by
Titanomys.

Hensel, writing In 1856, stated that, contrary to the nsnal descriptions of authors, the
upper molars of Lepus consist each of a single evlinder, which in the second, third, and
fourth teeth is provided with a decp enamel fold, filled with cement and penetrating
from the inner side®*. When contending that all the previous writers on the subjeet
had incorreetly interpreted the conformation of the leporine molay, Ilensel eould
hardly have guessed that 13 years later he might have made an almost similar
complaint. 'We continunally meet with deseriptions and figures of lagomorphous animals
in whieh the upper molars are vepresented as formed by two cylinders closely united or
soldered together, presenting three transverse enamel ridges !

As compared with the ZLogomyide, by the presenee of m. 3 in the maxillary, Lepus
cxhibits a more primitive condition.  In the characters under consideration, however,
Lepus is undoubtedly the extreme member of the series.  While in Legoiys the posterior
premolar (p. 1) lias alone acquired the fransverse fold of the truc molars, in Lepus
(PL 36. fig. 33) p. 2 has been transformed as well.  P. 3 alone retaius what we may fairly
consider to be the ancestral enamel folds, as well as the ancestral internal noteh.  There
is no anterior “wall ”; wherefore the enamel folds open freely on the anterior side.

# Zeitschr, deutsch. geol. Ges. p. 651 (1856).
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In a skull of L. wigricollis from Ceylon (B. M. Z.D. No. 81.1.29.7) (Pl. 36. fig. 34) I
find that the modernization has begun to invade p. 3 also; in the tooth of the right
side the internal noteh () has assumed the shape of a lengthened fold, stretching half-
way across the crown aud provided with plications as in the other molars.

M. 3 of Lepus is a small, vanishing cylindrical tooth; in vare cases, however, of
L. europeens a transverse fold has heen ohserved in this *.

Now as to the eondition of the teeth in the young of Lepus.  Tlilgendorf stated long
ago f “that the upper cheek-teeth of young Iares are provided with a crescentic enamel
tube, which forms a trausition to the fossil Jlyolagus.” This is perfectly true, but it is
not all. :

In the Rabbit Oryctolagus cuniculus, the two posterior upper deeiduous teeth when
worn, and the permanent molars when slightly abraded (Pl. 86. lig. 5), exhibit a pattern
identical to that presented by the two anterior true molars of Pul@olagus,as tigured in Pl. 36.
fig. 56, viz., an internal notch and a central ervescentic enamel fold.  Before attrition has
setin, they exhibit besides a strong erescentic cusp (6). which delimits the outerside of the
enamel fold (fig. 1).  On the outer side of the cusp is seen a minute and shallow enamel
fold, incompletely divided into an anterior and a posterior part by a ridge descending from
the middle of the outer slope of the cusp (¢, figs. 1, 5).  In d. 2 the anterior horn
of the larger erescentic enamel fold stretches further outward than in d. 1, and almost
reaches the outer horder of the tooth.  When attrition is going on, the shallower outer
fold may be seen for a short while on the triturating surtace, nunder the form of one or
two minute cnamel islets, which are soon completely worn away.  The deeper inner
crescentie fold (0). appavently that mentioned by 1lilgendort, persists longer.

Iere then we still meet with, in an ephemeral condition, the clements constituting the
Tilanomys-tooth : two enamel foids (0 and ¢) separated by a strong cusp (6) and an
internal notch («).  The deciduons teeth of Leprs s, 1oare cast ofl” withont presenting
any other change except that produced by further wear (fig. 26). In the permanent
teeth (PL. 36. fig. 17) the internal noteh hegins to extend.  That this growth takes place,
in these initial stages at least, wholly in an inward direction—Dby a prolongation of the
two internal cusps, which have gradually been transformed into transverse lobes $—
becomes evident when we compare these teeth before attrition and in a moderately
worn condition. In the former stage the ereseentic fold is separated from the internal

* Hilgendorf, in Monatsher. K. prenss. Akad. der Wiss, Berlin. T4 Dec. IS65, p. 673, T Ihid.

$ “8" and “ 97 in the figures of all the upper cheek-tecth on Pls. 36, 37, 39. The scareity of my material
prevents me from entering into particulars with regard to the young stages of other recent Leporidee. In a slightly
abraded p. 2 of Caprolagus hispidus (Pl 36. fig. 27), 4 and ¢ snrround almost eompletely the well-developed
cusp (6) and unite together to form a common ontlet on the antero-external side of the tooth. The enamel
exhibits numerous secondary plications characteristic of the teeth of this Hare.  In the deciduons teeth «)f;S'l//Zv[Zagus
brasiliensis (Pl. 36, fig. 20), « and b are united and present the pattern of a branched fork, visible also in
voung stages of permanent teeth ; in the latter (4), represented by the two branches of the fork, svon disappears
from the triturating surface. In the trne Hares, Lepus s. str. (PL 36. figs. 22, 25, 28), the primitive pattern is
more ephemeral still than in the Rabbit s the enamel crescent () is quite superfieial.  As is generally the case in
disappearing structures, these vanishing clements present a considerable amount of variation in different specimens
of the same species.



FOSSIL AND RECENT LAGOMORPIHA. 465

notch only by a longitudinal enamel ridge ; in the latter it is still in its place, while the
internal noteh has grown into a transverse fold stretching across hall the transverse
diameter of the triturating surface *.

Upper Incisors of Leporidie.

The upper incisors of several Leporidie present some little-known peculiarities.

In his deseription of Lepus nigricollis, G. R. Waterhouse says:—* The upper incisor
teeth have cach two longitudinal grooves, placed very closely together, and not very
distinet 7 . About the same statement is made with regard to Lepus yarkandensis,
Ginth., by Bitehner, who believes this to be a special character of the species :—¢ Sehr
characteristisch fiiv Lepus yarkandensisist der Bau der oberen Nagezithne, durch welchen
diese Art sich, wie es scheint, von allen Gattungsgenossen unterscheidet.  Die
Vorderfliiche des oberen Backzahnes weist nimlich zwet flache, schwach markirte
Rinnen auf; dieselben verlaufen dicht neben einander anf der inneven Iilfte der
Yordertliche ™ §.

I have before me the type-specimen of L. yarkandensis, Ginth. (Br. Mus. Z. D. No. 75.
3.80.10) ; an examination of the outer surlace of its upper inecisors shows hut one
groove, as in other Leporide: the groove is filled with ecment, but only incompletely,
so that the outer and inner horder of the zone of that snbstance is marked hy two
longitndinal strize which somewhat simulate grooves.  There is besides a median
superficial depression of the cement layer, so that the appearance of three longitudinal
grooves is produced. (In Cuprolagus hispidrs the median hollowing of the cement is
more aceentuated.)

In L. uigricollis, as a rule, the appearance of two grooves is produced by the same
causc as i L. yarkandeusis. Sonictinies, hrowever, there is in the former species
a very shallow longitndinal groove in the enamel, to the outside of the principal
groove filled with cement; the former is somewhat more distinet in the unique skull
of a specimen from Ceylon in the Br. Mus. (7. D. No. 81.1.29.7).

The fact of the presence of cewment in the groove having heen overlooked has given
rise to another misunderstanding.  Weaterhouse says that in Lepus ruficcudalus the

* Aecording to Pére Heude, the anterior upper premolar, p. 5, of L pus is composed of p. 3 wnd & more anterior
premolar, which latter is said to be represcunted 1iy the median of the three anterior lobes (** 6™ of my figures) of p. 3.
(op. ¢it. pp. 63, 64, pl. xiii. figs, 4, 5, 7, 1895).  As I believe to have xatistuctorily demonstrated—although not,
perhaps, to the Rév. Pére’s satisfaction—that this « 6™ of p. 3 is the homologue of 6™ in the posterior premolars
and true molars of all Lagomorpha, | think we can, for this reason alone, dismiss the fusion theory, since each of
these posterior teeth would have to be considered also as & compound of two. (Similar remarks apply to p. 2 of the
lower juw of Lepus, which, according to Pire Heude, is=p. 24p. 3.) 1 may add here that 1 have never observed
in the upper molars or premolars of Lepis a longitudinal enamel ridge closing the opening of the internal enamel-
inflection (« of my figures), as figured and deseribed by Dlre Heude (- fissure qui se ferme avee une lamelle d’¢mail

.

chez Ladulte,” op. cit. p. 65, pl. xiii. fig. 4), aud would gladly learn in whieh speeies this oceurs.

+ G. R. Waterhouse, * .\ Natural History of the Mwnmalia,” i, p. 75 (1543).

I Fug. Biichner, ¢ Wiss. Resultate der von N. M. Przewalski nach Central-Asien unternommencn Reisen,’ i. 5.
p- 193 (1894).
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superior incisor ““ has the external groove less deep, and placed nearer to the inner edge
of the tooth,” than in the Common Harve *; and W.T. Blantovd states of Lepus dayanus,
BIf,, that “the upper ineisors appear very indistinetly grooved”f.  The species
mentioned are precisely among those in which the groove of the upper incisors
is very deep; but they present the appearance of being shallow, owing to the cement
which incompletely fills them. 1In fact, the cement appears in all species in which
the groove penetrates further hackward than in the commonly accessible species
(L. enropeus, Oryctolagus cuniculus). and it is in that ease very often associated with
other complications which we have now to consider.

Hodgson gives as one of the distinctive characters ot Caproluagus lispidus the
following :—* the groove in front of the upper incisors is continued to their entting-cdge
so as to notch it 7 {.  Strictly speaking, the eutting-cdge of the upper leporine ineisors is
always notched—even in Lepus europeus; only, in C. Lispidus (text-fig. VIII), the
eroove, filled with cement, is mneh broader and penetrates further backward, so that
the natural section presented when the incisor is viewed from its lower side (same fig.)
shows the groove under the form of a very clongated triangle, with the apex at its
posterior end. A more complicated form has been noticed by Hilgendorf, as stated in
the following hrief sentence :==“Die oberen Schneidezihne von  Lepus callolis aus
Mexico und Lepus wigricollis aus Indien sind gabelig schmelzfaltig (dentes complicati) ;
diec entsprechenden Zihne der afvikanischen flasen bilden  durch eine einfachere
Einbuchtung des Schmelzes einen Uchergang von jenen zu den anderen Hasenarten™ §.
In a later note hy the same writer further particulars are given |.  Tn the text-
figures I-XXIV are shown, enlarged (about «4x1), the principal modifieations of
the enamel-folding of upper leporine incisors viewed from below and with the anterior
border dirccted downward.  Some slight differences hetween the few descriptions
oiven by Hilgendorf and my figures of the supposed same species are apparently
due to different causes : in the ftirst place, beeause Ililgendorf describes tooth-
sections.  Moreover, specimens of the same speeies may vary slightly (¢f. figs. XVI &
XVI1), owing partly to individual variation. But the shape of the enamel-fold varies
equally at ditferent stages in the age of the animal; speeies whose incisors show the
most complicated pattern in the adult have as yet no trace of this in very young
animals ; and, rice rersd, in very old specimens complication tends to disappear again.
As shown Dy several of the text-figures, slight variations between the rvight and left
incisor of the same individual also occur. These eirenmstances will, of course, have
to he taken into account for systematic purposes.

The most complieated folding in Hilgendorf’s material was presented by a L. callotis,
Wagn. (= L. mericanus, Lichtenst.), from Mexico 9, in the shape of a T, whose transverse

# Op. cit. p. 77.—R. Swinhoe (Proc. Zool. Soc. Lond. 1870, p. 234) mukes a similar remark with regard to
L. hinanus.

+ W. T. Blanford, -- On New Mammals from Nind,” P. Z, 8. London (1574), p. 663,

= Journ. As. Soc. Bengal, xvi. 1, p. 5706 (1346),

§ Sitzungsber. Berl. Ak. Wiss., Sitzg. 14 Dee. 1865 (1866),

|| Sitzungsber. Ges. naturf. Freunde Berlin, Sitzg. 15 Jan. 1854, pp. 18-21. € Op. cit. pp. 18, 19,
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part, turning backward, runs approximately parallel with the anterior border of the
tooth, and is slightly folded from behind, so that it may be compared with an
outspread fork.  Figs. XVI and XVII, vepresenting the left incisors of two
specimens from Mexico in the Nat. Ilist. Museum, labelled Lepus callolis, show this
same form, with a slight complication of the transverse part in one of them (XVII).
L. melanotis, Mearns (fig. XV), from Clapham, New Mexico, belonging to the same
group (JMacrololugus), exhibits in the right incisor the T pattern in a much reduced
form, and in the left a condition approximating to that of the African L. sawatilis, of
whicli more hereafter.

The ncavest approach to L. callofis is seen, according to ilgendort, in L. dayanus,
BIt., to which species he relers also the L. wigricollis of the first note. I have figured
(fig. XVIIL) the right incisor of the co-type of L. dayaius, from Sukkur, Sind {Br. Mus.
Z. D. No. 90.4.9.2), which corresponds almost exactly to llilgendorf’s deseription. A
nearly similar form I find to be exhibited by L. hainanus, trom Ilainan (fig. X1X); the
folding, however, i1s cousiderably shorter, and the opening broader. In L. nigricollis
from Ceylon (fig. XXI) the hranches of the fork are more elongate, and the anterior
opening is considerably more constricted, than in L. hainanus.

L. peguensis, Blyth, from Pegu (fic. XX), shows a further complication, already
foreshadowed by one of the callolis specimens (fig. XVII), there being three branches
of the fork. Not much different is the left incisor—the right one is damaged—of a
L. wnigricollis from the Nilghivis (fig. NXXII), and both incisors of L. raficaudatns
(L. kwrgosa, Gray) from the Puujal (fig. NXIIL).  The maximum of complication
known to me is exhibited by a L. ruficaudatus from Rajputana (tig. XXIV), where the
lett incisor exhibits o four-branched fork, the right being a sligcht modification of the
same pattern.

Following the description of the incisors of L. dayanus, Hilgendorf gives that of an
undetermined skull brought howe from Africa by the Von der Decken Expedition. In
this the T with a narrow opening is still strongly marked, but the median moiety of the
transverse part is reduced. The whole of the enamel-fold occupies less space than
in L. dayauus, not being so much extended either backward or laterally *. This
description applies fairly well to my fig. XIV, L. Tictorie, Thos., from Nassa, Victoria
Nyanza, except that the opening of the fold is not narrowed.

Figs. IX, X, and XII vepresent L. swawatilis, F. Cuv., from Pirie Bush, King William’s
Town (Cape), Transvaal, and * Cape of Good Hope ™ respectively, in none of which
is there a bifuvcation at the posterior end; the folding penctrates far backward and
the opening is wide, as described by IHilgendorf ¢ in L. sawatilis.  Fig. X1, “ Lepus
sp.”, from Seua, Zambesi, is of the same pattern; and so is L. HWhytei, Thos., type-
specimen, from Pacombi River, Nyasa (tig. XILI); in the latter, however, the fold
penetrates further back than in figs. IN-X1I, and the opening is comparatively more
restricted. To this form secmns to approach Hilgendorf’s specimen of ¢ Lepus capensis,”

# Op. cit. p. 20. T Op. cit. p. 21,
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Auterior end of upper Leporine incisors, from below. Enlarged.

No. 1. Lepus variabilis (altaicus). Russia. Brit, Mus. Z. D. 535 a. 40.5.13.4.
I1. L. variahilis, Q. Altyre, Morayshire, - - 94.2.15.2,
I11. L. sinaiticus. Midian, N, Arabia. - — 78.84.1.
1V. L. Judee, Gray, Q, type. Palestine, . — (4.8.17.5.
V. L. sinensis, Gray, type. China. . — 38.10.29.23.
V1. L. cumanicus, Thos., type. Venezuela, . — 04.925.13,
VII1. © L. yarkandeasis?” oko Nor. . — 04.2.2,12,
VIIL. Caprolagus hispidus, Pears. (Ind. Mus., Coll.—2. FI. Hodgson.) 0 —— 70.11.21.204,
IX. Lepus savatilis. Pirie Bush, King William's Town (Cape). - — 98.10.8.1.
X. L. saxatilis, 5. Transvaal, . — 03.11.26.2,
X1. Lepus sp. Seun, Zambesi, . 83.2.6.3.
X11. L. saxatilis. ¢, G Cope. . TR (gt 2T (A
X111, L. Whytci, Thos., @, type. Pacombi River, Nyasa. o 04.1.25.14,
X1V, L. Tictorie, Thos. Nassa, Victoria Nyanza. » —_— 05.3.7.2.
XV. L. (Macrotolagus) melanotis, Mearns, d. Clipham, New Mexico. . — H.5.0.29
XVI. L. ( . ) calltis. Menico, . — 08.9.222,
XVIL. Z.( . ) callotis. Mexico. = — 53.8.20.37.
XVIIL. Lepus dayanus, eo-type. Sukkur, Nind, o =—— $0fB0
X1X. L. kainarnas. Iainan = —— 70.7.15.18,
XX. L. pegaensis, BIf., Q. Pegu, o === WL
XXI. L. nigricollis, I'. Cuv. Cerlon, ,. —— S1.4.207.
XX11. L. nigricoliis. Kotagiri, Nilghiris. . — 91.10.7.154.
XX1711. L. ruficaudates (kuryosa, Gray). Punjub, » 176 ¢, ———

XX1V. L. ruficaudatus, Rajputana. " — 91,10.7.151.
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from Mozambique *, colleeted by Peters, which, however, is certainly not a Lepus capensis.
The latter differs scarvcely from Z. enropeus, Pall,, s. 1. (ineluding L. occidentalis, de
Wint.), by its minute enamel-folding,

The forms whieh remain to he deseribed (figs. 1-VI1) are all approximately of the
same type, viz. a triangular fold with the apex tmwrned backward; the fold in none
of them stretching so far back as in Cuprolugus hispidus (fig. VIIT), mentioned above.
The pattern of the latter is approached somewhar by that of fig. VII, from
a specimen labelled ¢ Lepus  yarkandensis?)” from Koko Nor (Br. Mus. Z. D.
No. 94.2.212), exhibiting an enamel-fold with thick borders, but shorter than in
C. hispidus, and with a much wider opening. 1t is decidedly not L. yarkandensis, Ginth.
The type of the latter, which is not figured, approaches in the form of the folding
L. sineusis, Gray, the type of which (Br. Mus. Z. D. No. 38.10.79.23) is represented in
fig. V. Both are imperfectly tilled with cement, in L. sivensis still less so than in
L. yarkandensis.  The latier differs also from the former by the opening and the
whole fold being narrower.

L. tibetanus, Waterh., has no trace of cement; in the shape of its fold it is
intermediate between the former two; the opening is slightly broader than in L. yark-

not filled with cement,

andensis.

The conformation of the type of Gray’s © L. Judwew ™ (fig. IV), from Palestine, and
of L. sinaiticus” (tig. 111), from Midian, N.W. Arabia, almost identical in both, is
shown by the figures.

L. timidus, Linn. (L. variabilis, Pall.) (figs. T & T1) havdly ditfers, but still the two
figures of this species show that there are slight differences between a specimen
from Russia (fig. I) and one from Scotland (fig. IT).  In this species I have always
found the enamel-fold with a filling of cement, though very often incompleie. In
L. europeus, Pall., T have never met with a trace of cement. This difference would
seem to be a good chavacter for distingnishing isolated fossil incisors of the two species :
but it is probable that much-weathered specimens of L. fimides may have lost their
cement,

Lepus cumanicus, Thos., from Veneznela (Br. Mus. Z. D. No. 914.9.25.18), the type of
which is represented in fig. VI, stands somewhat apart by its very narrow and
comparatively elongate enamel fold.

Hilgendorf holds these complications of the enamel in the upper incisors to bhe a
specialization, the only reason given being that in the fossil 2rolayus (1yolagns) nothing
of the kind is seen. ¢ Phylogenetisch betraehtet, ist die bedentende Schmolzent\\‘iokhmg
des Lepus mevicanus gleichfalls ein Extrem 5 denn die Einbicgung der Sehmelzplatte an
der Vorderfliche tritt bei den fossilen Leporiden-Gattungen (Jyolugas) als eine seichte
Einknickung auf, deren Scitentheile fast die ganze Vorderfliche einnebmen” +.  This
argument would be of some weight if Prolugus could be considered anecestral to
Lepus; but this is certainly not the case, although the molars of the former are of a
more primitive type than those of the latter.  As insisted upon in the present
memoir, the Lagomyidie, of which Prolagns is a member, vun parallel with the

F Op. et po 21 T Op.edl, p, 20,
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Leporidie from the Lower Miocene (or it may be from the Oligoecune) to the present
time.

The incisors provided with enamel-folds point back towards cuspidate incisors, for
the enamel-folds of lophodont and laminated teeth are obviously the derivates and
homologues of the  valleys” separating the cusps or tubercles.  Now it is very
suggestive that we meet with cuspidate incisors in Plesiadapis, a genus from the lowest
Eocene of Rheims, classed among the Lemuroidea by Lemoine and other writers,
considercd Dby Schlosser and me to be a very primitive Rodent. In the jaws of
Plesiadapes the teeth arve greatly reduced in number. In the lower jaw we have only
one powerful elongated ineisor, directed obliguely forward and upward, and separated
from the five cheek-teecth—the premolars being alveady reduced to two--by a con-
siderable diastema.  On its posterior face the lower incisor has a cingnlum snpporting a
small cusp. The upper iuncisors, too, are separated by a long interval from the five
check-teeth, and appear to have beer three in number (Lemoine considers the very small
outer one to be the canine). The two outer pairs are very small and unicuspidate;
the inner pair robust, generally tricuspidate, there being an anterior pair of cusps, and
backwardly an additional ensp, which starts from a kind of cingulum *.

If we imagine the cusps of these upper incisors of Plesiadapis to have become
lengthened in accordance with a general change of the more brachyodont incisors
into a hypselodont one, and their interstices filled with cement, so that by trituration
a level surface can be produced, the result would he a pattern somewhat similar to
that of several of the figured Leporidie.  The posterior eusp ol Plesiadapis, projecting
from behind into the cavity 4, would produce a posterior ramification like that of the
Leporidie.

The test will lie in the search for Tertiary Leporidee exhibiting an intermediate stage
between the condition of the upper incisors of’ Plesiadapis and that of recent Leporidee.
An examination of the incisors of Pulwolugesmight deeide the question.

Genus Papnzonacus.

Paleolagus, trom the Tertiary of North America, i1s represented by Leidy § and by
Cope § as showing in the tecth only onc character distinetive from the genus Lepus,
viz. the more simple conformation of the anterior infevior premolar of the extinet genus,
and of this character more hereafter. When, however, we go over the deseriptions,
accompanied by numerous figures, and an examination of originals, several of which are
in the British Museum, we cannot but be struek at once by some very essential differ-
cnees in the trifurating surfaces of the two genera.  When do we ever meet with
molars in any species of Lepus showing the complete absence of all traces _of
enamel, with the exception of part of the marginal border? This is the case in old

Lemoine, in Bull. Soe. (iéol. Franee, xix. 1, p. 278, pl. x. fig. 50, a, b, ¢ (1891).
Lemoine, (. c. pl. x. fig. 50, b, .
Yroc. Acad. Philadelphia, p. 89 (1856); id. © Dxtinet Mammalia of Dakota and Nebraska.” p. 332, pl. xxvi.
figs. 14-20 (1869).
§ ¢ The Veriebrata of the Tertiary Formations of the West," i, p. 870, pls. Ixvi., 1xvii. (1853).

R



FOSSIL AND RECENT LAGOMORPIHLA. 471

specimens of Pualwolagus.  The pattern of less worn teeth, too, is rather different from
what oceurs in Lepus. In none of the numerous triturating surfaces of Palwolagus-
teeth figured do we meet with a transverse fold penetrating so far outward as in the
four intermediate tecth of Zepus, and in the true molars and posterior premolar of
Lagomys. This is confirmed by Cope’s deseription :—¢ The inner side of the four inter-
mediate molars is deeply grooved for « shorl distaice” (italics mine; ¢f. Cope’s figures),
“which gives a fissure-like noteh on attrition. This disappears after nse, as does also a
less profound crescentic fossa in the middle of the crown, whose concavity is directed
outward ' *.

This statement, in my opinion. does not fully deseribe the pattern in young specimens,
which seems to be very ephemeral in Pulwolugus.  In a fragment of the right upper
jaw of F. Haydeni in the Brit. Mus. (5727). of which T give an enlarged figure
(PL 36. fig. 36), the alveolus of the seeond premolar (p. 2) is shown, and the three
teeth p. 1, m. 1, m. 2 are seen in place.  The empty alveolus of the premolar
suggests that 1n its contour this tooth very much approached the corvesponding tooth
of Prolagus wiingensis (P1. 36, fig. 21), and to judge from what we find in the following
tooth (p. 1) there is a strong assumption that the pattern of p. 2 of Palwolugus also
resembled that of Prologus wiingensis.  P. 1 of Pal@olagus exhibits the internal notch
(a) with which we are acquainted in 7%vuonys and in the deciduous teeth of Prolagus,
Lagomys, and Lepus, and whieh moreover persists as sneh in the premolars of Prolagus,
in the second premolar of Lagouys, and in the anterior premolar of Lepus. In the
premolar of Palwolagns we find, on proceeding inward, a ereseentic central enamel
islet in the centre of the crown, known already from the descriptions and figures of
Leidy and Cope. 1t is, too, an old acquaintanee of ours ; for to all appearance it is the
homologuie of the large internal enamel-fold (4) of Zilanonys, whose further history we
have followed up in the other genera.  But this is not all.  From the antero-external
corner of p. 1 of Palwolugus starts an cnamel-fold in a postero-internal direction,
terminating near the outer end of the erescentic fold’s posterior iorn.  No mention is
made of this outer fold in Leidy’s and Cope’s deseriptions; it is, however, visible in
one p. 2 of Cope’s figures (pl. Ixvii. fig. 16«); but L have not scen it delineated for
cgure which I publish.  The

=

the same tooth together with the creseent fold, as in the fi
outer fold just described is undoubtedly the homologue of tlie outer enamel-fold (¢)
of Titanomys, and T do not doubt that still younger stages of Pulwolagus—which
have been figured by Cope, but in an unsatisfactory manner
development of both the enamel-folds, and therewith a stronger resemblanee to the

will show a greater

pattern of the 7Vl«noinys-teeth and the posterior premolars of P olagns.

The true molars ot Pal@olagns in the specimen figured exhibit only the erescenrie
central islet (0) and the infernal noteh.  As stated by Cope in the passage quoted above,
and as shown likewise by the illustrations of both the American writers, the internal
notch and the crescentic islet are worn away by attrition, withont any other change taking
place. In this consists the great ditference between the Ameriean fossil and all the forms

@ 0[" cid, p- 8706,
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previously deseribed in this paper.  While in all the upper grinding-tecth of  Tilanomys
the initial condition, two crescent folds and an internal noteh, is retained throughout life,
and this is more or less so in the premolars of Prolagus, in the molars of the latter the
crescentic folds are worn away and the internal noteh is enlarged to a transverse fold, s
in the molars and p. 1 of Lagopsis and Lagouys, and in the molars and posterior premolars
of Lepus s. 1. Milk-teeth and very yvonung permanent molars of Lepus show, with slight
variations, the pattern belore deseribed as characteristic of moderately-worn teeth of
Palwolagrs.  No modernization takes place in the latter; the only change we pereceive,
by the further progress of wear, is the complete obliteration of the erescentie folds and
of the notell on the inner side.  In ZLepws. the large creseentie fold of the deeidnons
teeth, and a small islet external to it—present in some of the species, and representing
the external erescentic fold of Lagomyidie—disappear at a very early stage of the two
posterior premolars and of the two anterior true molars, and are replaced in the
permanent teeth hy the transverse fold already deseribed.

The permanent teeth of Palwolagus. therefore, can only be compared with the
decidunons tecth of Lepws; like these (Pl 36. fig. 26), they exhaust their primitive
pattern, withont evolving a seeondary oue *.

Pulaolagus eannot find a place in onwr phylogenetie sevies (7¢lanomys—DProlagns—
Lagopsis— Lagomys).  With regard to the condition of their upper cheek-teeth, the
species of Pala@olagrs in which these teeth ave known would follow after 7ilanomys.
But they arve certainly not the forerunners ot Prolagus, except in the form of the truc
molars ; while Prolagrs is more conservative than Pal@olagus in the conformation of
its two postevior premolars.  On the other hand, /’wl@olugns is certainly the forernnmer
of Lepus, and presumably its ancestor; and this eannot be said of the Lagomyide, in all
of which the upper mi. 3 has heen lost.

To resume.—We have in the preceding pages followed the transformation in the
pattern of the upper check-teeth on three lines:—(1) From genus to genuns; (2) from
behind forward in the dental series; (3) from young to old.

(1). From genns lo geiws, we might almost say from speeies to species, the series is as
follows :— Pelycodoid type (Pelycodus, Plesiadapis)— Tilanomys visenoviensis—1. Fontan-
nesi— Palaolugrs— Prolagus wringensis— P. sardus— Lagopsis— Lagom ys— Lepus.

Pelycodus and Plesiadapis ave genera of the Lower Kocene.

Titanomys appears in the Lower Miocene, and vanishes i the Middle Miocene.

Prolagus appears in the Middle Miocenc and lingers on, protected by an insular habitat,
until the Neolithic period.

Lagopsis is at present known only from the Middle Mioeene.

Lagomys makes its appearance in the Pleistocene and survives to the present day.

Lepus, preceded by the Oligoeene and Miocene Pal@olagus, appears with many of its
present generie characters in the Lower Pliocene, and survives to the present day.

# The vemarkable Hare from Sumatra, Nesolugus Nelschori, approaches Pulwolugis more than other recent
Leporidie, inasmuch as, by the feeble development of the transverse enamel-fold (PL. 37. fig. 17), it represents a first
stage in the evolution of the secondary pattern. The same form exhibits other primitive features, to be described

later on.
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(2) From belind forward wn the deatal series—The trae molavs are the first to be
transformed, and suceessively one after the other of the premolars, the anterior pre-
molar (p. 3) being the most conservative,

(3) From young to old.—The cheek-teeth of the genera under consideration exhibit, in
the first developed parts of their shaft, move ov less evident traces of the ancestral
pattern; mostly so the deciduous teeth, which are east off when the primitive pattern
has almost vanished, and without showing a beginning of transformation ; /leasé so
the trne molars, whieh i the first stages observable of the caleified tooth, and before
trituration has set in, show the primitive pattern already rvedueed and the secondary in
process of evolution.

T.oweRr Morars oF LAGOVMORPHOUS RODENTIA.

To state it in a general way, the lower molars of the Lagomorpha present the
same characters as their upper antagonists: viz. anteriorly in the series we meet with
complication, posteriorly with a simple transverse pattern.  On eloser examination,
however, it may be seen that in the mandibular teeth the process which we have followed
through its various stages in the upper set is aceclerated.  Althongh it must be taken
into account that we have one premolar less helow than above, none the less—leaving for
the present ont of consideration the reduetion which takes place at the posterior end
(m. 3)—there is in the adult mandible only one tooth, the anterior, which diflers materially
from the others, by heing more complicated.  In 7vvuomys, the oldest member of the
agroup, this tooth (p. 2 as generally deseribed and ficured. preesents a more simple
structure than in later genera. and even than do the other teeth of 7%t«nomys, by heine
composed of only one eolumn, divided into two lobes by an inner and an outer enamel-
inflection : whereas in the teeth situated posteriorly there are two columns, the division
between them being complete @ they are held together by cement.

Wemeet here with a phenomenon which is pretty general among Rodents, whether
the number of their cheek-teeth be three, four, five, or six. To state it more fully :—

1. The mandibular cheek-teeth precede those of the maxilla in the reduetion of their
4

2
]

5 4 1
cheek-teeth, but never of 43 OF =, OF J:
) .)

2. Very frequently the anterior tooth in the lower series, whether it be p. 2, or p. 1,

. 6 S .
number; we have instances of _, of - and of .
) .

or m. 1, is more complicated than those hehind; which cirenmstance suggests that the
complication has some connection with the anterior position of the tooth in question.

3. When the anterior lower tooth is nearly or actually equal in pattern to those hehind,
this 1s generally so in older forms.  Thus we find that i Winge’s Anomaluridie—
inelnding mostly Tertiary genera—provided with four lower teeth, the anterior one (p- 1)
is equal or subequal in size and pattern with the others, and sometimes even of smaller
size.  Again, m Muridie, with three inferior cheek-teeth. the geologically older forms
have the anterior one (m. 1) cqual or subequal in size with the two following, whereas
the complication of the first molar appears only in more recent forms. The same is
true with regard to the lagomorphous Rodentia, where the anterior tooth is p. 2, and
in the oldest known genera (Zétvionys, Palwolagus) of a vather simple pattern.

SECOND SERIES.—Z00LOGY, VOL. VI, 66
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The explanation which I snggest for these curious occurrences is as follows :—When an
anterior tooth drops out from the mandible

gencrally through an apparent interfercnee
of the incisor with its pulp--some compensation for its loss is necessary, as the corre-
sponding maxillary tooth is generally still in its place; this compensation is hrought
about by a complication on the anterior side of the tooth which has become the first in
the series by the loss of the originally anterior one.  Those genera which are nearer in
date to the epoch when the anterior tooth was Jost will still present a less complicated
form of that which has succeeded to this position, while in the later gencra the
foremost tooth will liave acquired the complication. When p. 2 is dropped, p. 1 will
become the foremost tooth, and the same cvele will recommence, and so on.

I next proceed to a closer examination of the lower cheek-teeth, starting {from those
of Titanomys. A superficial comparison of the anterior tooth, p. 2, of this genus, with
that of the other Lagomyidwe, shows that in the former it is more simple than in
the latter, and presents an approximately tetragonal ontline at its tritwrating surface;
in Prolagus, Lagopsis, and Lagomys this is triangular (apex in front). Thus it
is that we find the tooth gevierally deseribed ; but on closer, examination the matter is
somewhat more complex. I have figured five speeimens of p. 2 of Zitwnomys Foutannesi,
from La Grive-Saint-Alban, in diffevent stages of wear; four arve isolated teeth
(PL 37. figs. 1-4); the fifth is in its place in a left ramus, presenting the complete series
of two premolars and three molars (PL. 37. fig. 7).  Of 7' visenoviensis I have one speci-
men, in a fragment of the right rammus, containing the two premolars (PL 37. tig. 25).
This species is from the Allier (Bravard Collection, Br. Mus. Geol. Dep. No. 31095).
The first stage in 7% Fontanunesi (fig. 1) represents a tooth which has not yet come into
wear. In the main it is composed of two lobes; the anterior is subceonical, the posterior
is muel: more extended transversely, and composed of a tapering outer and a thicker,
ronnded inmer cusp; moreover, on the middle of its posterior smface appears a small
cusp (£); the anterior surface of this lobe is wrinkled. Iven in this early stage the
separation of the two lobes is incomplete ; a ridge, running almost longitudinally back-
ward, from the middle of the posterior side ot the anterior Iobe towards the posterior,
shows that trituration would very soon have conmected the two by a narrow isthmus of
dentine, thus separating from cach other an outer and an inner enamel-inflection.  This
we see, in fact, brought about in the second stage (fig. 2).  Towards the middle of the
anterior margin of the anterior lobe, a feeble cusp is visible in the first stage (1, fig. 1) ;
the sae is more distinet in the second stage (1, fig. 2), where it is nearer to the inner
side. This cusp, to all appearance, is Winge's 1, Oshorw’s paraconid.  Whether it
contains potentially some other clement T must leave undecided ; as a matter of fact,
in the two teeth deseribed, it does not ocecupy exactly the same position; and in
T. risenoriensis (1, tig. 25) it is more approximated to the outer side.  What is called
the paraconid is, however, somewhat inconstant in its position *. In p. 2 of 7% vise-

# Ree, ., the text-figures in W. D. Matthew, -* A Revision of the I'uerco Fauna,” Bull. Am. Mus. Nat. Iist.

ix. (1897).
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noriensis (fig. 25) it is evident as a small vertical pillar, lying far helow the triturating
surface of the moderately worn tooth.

To return to the second stage in ZVtanomys Fonlaunesi. The inner of the two
principal enamel-inflections resembles somewhat in outline its homologne in Lagopsis
verus (Pl 87. fig. 26, p. 2). It is scen to be composed of two parts: a posterior, which
comimunicates by a narrowed opening with the internal margin of the tooth, and thence
runs straight towards the middle of the tooth, and an anterior eirenlar one; the
two communiecating with each other by a narrow channel. The terminal eusp (f) is
situated mueh nearver the inner side than in the first stage. T have dealt with this
terminal cnsp of the lagomorphous Rodentia on a former occasion, and homologized
it with Oshorn’s Zypoconulid *; a view from which T sec no reason to depart. In
the third stage (fig. 3) this hypoconulid is still apparent; but the « paraconid” has dis-
appeared, and so has the cireular part of the inner enamel-inflection. The transverse
posterior part of the latter is on its way to he shut off from the inner margin, and to
assume the form of a cireular enamel islet. ¢ 7 is visible on the posterior internal edge
of the tooth. 1In the fourth stage (p. 2 of fig. 7), the circular enamel islet is quite
separated from the inner margin, and has become confluent with the outer enamel-
inflection, so that the triturating snrface of' the tooth presents—if we except a small
enanmel fold limiting anteriorly the still extant /--only one enamel-inflection, pene-
trating from the middle of the onfer margin and approaching the inner. In the fifth
stage (fig. 4) we find only the latter intlection. # also having disappeared. This tooth in
its general outline again approaches the first stage.

No lower deciduous teeth of Zitauomys ave at my disposal.  Filhol has figured d,
and d, of 7. risenoricusis from Saint-Gérand-le-Puy (Allier) ; from this figure nothing
more can he made out than that in d. 2 the anterior part seems to he more produced
anteriorly than in p. 2. No description is given of the triturating siface .

The anterior lower premolar of 7. visenorviensis is distingnished from the same tooth in
T. Foutannesi by the persistence of the enanel-inflection of the inner side in the adnlt
(P1.37. fig. 25) ; in the immature specimen figured by Gervais, and originally deseribed as
a separate species, 7. trilohns, the two cenamel-folds are confluent in the middie of the
triturating surface, thus completely separating an anterior and a posterior lobe . The
terminal cnsp (Z) present in the specimen figured (Pl 37. fig. 25) must certainly he
expected to be visible likewise in yvounger specimens ; Gervais makes no mention of it in
this tooth ; in the profile view or the tooth, however §, there are two vertical erooves on
the inver side. A small anterior pillar (¢ paraconid ’) on the anterior side (1), below
the triturating surface, has already been mentioned as present in the British Museum
specihmen.

* Proc. Zool. Soc. Lonacs, 1893, p. 203,

+ H. Tilhol, ©* Etudes des Mammif. foss. de Saint-Gérand-le-Puy, Allier.” Ann. Se. Géol. x. p- 29, pl. 1. fig. 3
(1S79).

+ Zool. et Pal. Fr. p. 51: * les deux lobes de la premicre ‘molaire] n'y sont point eneore réunis I'un & l'antre par
un petit isthme dliveire ™3l 46, fig. 1 (1859).

§ Op. eit. pl. 46, fiz. Te.

G66*
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We have to follow up this same tooth, . 2, in the other genera of Lagomyidwe. In
Lagopsis verus (Pl 37. fig. 26), from the Middle Miocene of Ia Grive-Saint-Alban, the
posterior transverse lobe of p. 2 is undivided, with no trace of 4. 'The next anterior lobe
is separated from the former by a T-shaped enamel-inflection on the inner side—which
lias alveady been mentioned as approaching in form its homologue in Zitanomys
Fontannesi (fig. 2)-—and by an outer one. We have, therefore, here the two enamel-
infleetions of 7. pisenoriensis and of the young of 7% Foutaunesi.  llowever, in Lagopsis
the lobe is more distinetly divided than even in fig. 2 (710 Foulannesi), into an. outer
and an inner cusp; for in the former the T-shaped inflection extends more anteriorly,
and the lobe is delimited in front by two smaller enamel-folds.  'These latter
delimit on their anterior side two further cusps, an outer and an inmer; the latter
corresponds to 1 (paraconid), as seen by companson with fig. 2; the former may
correspond to the pillar which in 7% visenoriensis (fig. 25) is nearer the outer than the
inner side.  In any case, in Lagopsis the anterior part of p. 21is mneh more developed
than in Zitanomys; for we have, in the former, two comparatively stout cusps against
one feeble cusp in cach of the two speeies of the latter.  Besides, there is in Lagopsis o
small odd cuspidule, situated in frout of the anterior pair, and in the middle line of the
tootli, to which it sives a trinmgular form.

The principal difference in Lagomys, to which  Lagopsis is nearly related, consists in
the fact that the characteristic T-shaped inflection of the Lagopsis p. 2 is either
absent or replaced by a slight indentation of enamel.  The latter is the case, ey., in
Lagomys rutilus*, the former in L. alpinas and L. nepulensis t. Morcover, the odd
auterior cuspidnle has vanished in Lagonys.

In Prolagus also the anterior part of .2 is much more complicated than in . 2 of
Titanomys. Yig. 5, Pl 87, shows this tooth of Prolugus sardus, var. corsicanus, from the
assiferous breceia of Toga, near Bastia (Br. Mus. Geol. Dep. No. M3 ES6) 5 fig. 6, the
same tocth of the Miocene Prolagus wringensis from La Grive-Saint-Alban ; both fiom
the left side. I have still vounger stages than those fignred of this deciduous molar,
showing the posterior lobe completely separated from the middle one.  The anterior
lobe of d. 2 of P. auingensis (lig. G) is tripartite, as in Lagopsis, hut the odd anterior
cuspidule is less distinetly divided from  the inmer than in the latter genus. In
the tooth of P. wuwingensis the whole tripartite lobe is connected only by cement
with the vest of the tooth; in younger stages it is still more divided 1nto a smaller
external cusp——which is isolated, also, in the d. 2 of P, sardus tigured (fig. 5)—and «
Larger internal one comprising both the = parvaconid,” 1, and the odd anterior cuspidule.
The isolated small external eusp of P serdus is situated far below the triturating
surface ; the inner larger one, showing no separated odd cuspidule, 1s connected on its
inner side with the vest of the tooth, as happens likewise, though very rarvely, in the
corresponding permanent tooth, p. 2, of the same genus.  In still wore advanced stages

# JFor a figured specimen of this tooth see LI, Schiift, «* Ueber Luyoniys rutilus, Sevortzotl,”” Sep.-Abdr. aus Zoul.
Jahrb. i1, p. 64, fig. o 0.
+ 2. lenscd, ** Beittige z. Kenntn, fossiler Saugethiere,” Zeitschr. deutschi, geol. Ges. vill. pl. xxvi, figs, 2 & 6
t) D D » ] =]

(1856).
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of wear of the deciduous tooth of Prolagus, the whole of the anterior tripartite lobe
appears invariably connected with the posterior part of the tooth by a dentinal isthmus,
thus giving the whole tooth some resemblance to m. 1 inf. of a vole; and it has, in
faet, been mistaken for a molar of ierotus. '

A characteristic feature of the anterior lower premolar, p. 2, of Prolagus, is an odd
isolated eusp or pillar, connected only by cement with the rest of the tooth, and
situated on its anterior side, thus giving to the whole tooth a tiangular outline, as in
Lagopsis.  In Prolugns auingensis (Pl 37, fig. 9) this cusp is situated near or close
to the middle Ime; in 2. serdus*, of which T have examined hundreds of specimens,
its position is ncarer the inner side.  As Dbefore mentioned, in very rare cases of
P. sardus, this usnally isolated cusp is united with the tooth wear the inner side, as in
d. 2 of fig. 5. In other cases of L. @wuingensis (fig. 12, Pl 37.) and P, surdus, it way
he united with the tooth necar its outer side. This latter fusion 1 found to have
taken place in 19 specimens of p. 2 out of 575 examined, from the ossiferous breceia
of Monte San Giovanni (Sardinia) (L2, serdus), and in two cases out of Sb examined
from Tega, near Bastia (P. sardus, var. corsicanns).  The cusp was united with the
tooth mnear the inner side in two of the 575 examples from Monte San Giovanni.
Cusp “¢7 [ have met with only in p. 2 of Prolugus elsanus (page 160).

A comparison with the specimens before deseribed shows the usnally odd isolated cusp
to be the homologue of the ** paraconid ” combined with the anterior odd cuspidule of
Lagopsis, while the outer cusp of the tripartite anterior lobe is present, also, in p. 2; in
L. wningensis it is generally stouter than the onter cusp (6) of the median lobe, whereas
in P. surdus the inverse is the rule.  In exeeptional cuses of /2. sardus 1 find this outer
cusp of the anterior lobe completely isolated, as it is in the deciduous tooth of fig. 5.

A sceond charactenistic feature of the p.2 of Proluyus (tigs. 9, 12) is a longitudinal
cuamel-fold, filled with cement, which, beginning from behind the isolated anterior
cusp, proceeds backward to near the hinder margin of the tooth, thus completely dividing
the middle Tobe into an outer and an inner cusp, and incompletely so the posterior one,
on which it also encroaches.  The longitudinal wrrangenent of the elements of this p. 2
of Prolagus, in opposition to the transverse arrangement of the posterior teeth, is very
striking.

I now proeced to a consideration of the same tooth in the Leporidie.  With reference to
p. 2 of Palwolugus, Leidy slates:——The anterior four inferior molars [of Pulwolagus] bear
a near resemblance in form and constitution with the corresponding sevies ot 7ilaiuomys
cisenociensts, as vepresented in pl 16 of Gervais’ Zool. et Pal. Fr.” v, Cowmparing it with
the same tooth in Lepws, Leidy further says in the original description of Paleo-
lagus :—*¢ The fivst inferior molar is bilobed, and not trilobed as in the latter (Lepus) ™ i,
In his second memoir the fivst infecior molar of Palwolnyus 1s said to be composed of o
double column as in the others, the same tooth in the Hare of a triple column §. Cope

* 1. Hensel, L e pl. xvi. fig. 8.

-+

¢ Bxtinet Mammalian Fauna of Dacota and Nebrasku,” p. 333, pl. xxvi. (1569).
Proc. Ac. Philad. p. 89 (1N36).
Extinet Mamm. Fauna, &e., p. 331.

7+
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supplements this deseription by the following information hased npon a great number of
remains :(—“ 1 am able to show that it is only in the immature state of the first molar
that it exhibits a double column, and that in the fully adult animal it counsists of a
single colnmn with a groove on its external face ”*. A more complete deseription is
given on p. 878:—* There is the merest trace of a posterior lobe —corresponding to the
terminal lobe (#) of Titanomys—<at this time, and that speedily disappears. The
anterior lobe is subconical, and is entirely surrounded with enamel. By attrition, the
two lobes are speedily joined by an isthmus, and for a time the tooth presents an
8-shaped section, which was snpposed to be characteristic of the genus.  Further
protrusion brings to the surface the hottom of the groove of the inner side of the shaft,
so that its section remains in adult age something like a B From this deseription it
appears that p. 2 of Paleolagus Ilaydeni is almost exaetly like the same tooth in
Titanomys Foutanuesi.

The difference hetween the p. 2 of Pal@olugus and Lepus is stated hy Cope to be as
follows:—In the extinet genus the first tooth ¢ consists of one column more or less
divided. In Lepus this tooth consists of two colmmnns, the anterior of which is grooved
again on the external side in the known speeies.”  Leidy’s deseription of the Leporine
p- 2, as being composed of three lohes or columns, is more acenrate. It is quite true
that in the adult p. 2 of many Leporidae appears to Le composed of two columns, with
an additional antero-external enamel-inflection (see Pl gy figs. 13 & 19); but by no
means universally so, and, so far as my experienee goces, it is never so in the yonng
(PL. 37. figs. 8, 18, 22, 23).

In the immature p. 2 of Lepus s.1. (Pl 37. figs. 8, 22), as well as in the immature stage
of all the other inferior molars of the same, the posterior and the middle-lobe column are
completely divided ; only in later stages a very narrow isthmus of dentine connects them
on the inner side (Pl 37. figs. 13, 20, 23).  The fact of a primary separation into two
lobes of the inferior molars of Lepus was first anmounced by Hilgendorf §.

The unworn lower p. 2 of the Wild Rabbit (Pl g7- fig. 8) displays anteviorly the
anterior of the three columns completely divided into a smaller onter and a larger inner
subconical cusp; this division is hrought about by a longitndinal enamel-inflection,
which invades part of the middle lobhe as well, so that the Jatter is also divided, though
incompletely, into an outer and an inner cusp. (Compare the homologous enamel-
mfleetion of Prolagus, tig. 9.)

Passing on to the lower cheek-teeth backward from p. 2, the various stages which I
have represented in P1. 87 show in the lower molars the simple transverse pattern of the
two lobes of p. 15 m. 2 is a secondary one, as in the upper tecth, though in the inferior
molars the original pattern is much more ephemeral, least so in p. 1, which forms a
transition hetween p. 2 and the true molars.

# ¢The Vertebrata of the Tertiary Formations of the West,” . 874, pls. 56 & 57 (1883). T Op. eit. p. 870,

I “ Besteben die unteren Backzihne anfangs aus zwei getrennten Schmelzlamellen, welche erst spiiter mit
cinander verwachsen, so dass ein wesentlicher Unterschied zwischen zusammengescetzten und sehmelzfaltigen Zihnen

der hasenartigen Thiere nicht zu machen ist.”  Monatsher. d. K. preuss. Akad. d. Wiss, zu Berlin, - Nitzg. v. 14,
Dee. 1865, p. 673 (1866),
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These tecth, as a whole, exhibit in younger stages a greater longitudinal diameter than
i the adnlt; this is notably the ease in Zitanomys (P1. 37, figs. 7, 10, 24), and is chiefly
due to the greater development and independence of the terminal cusp (¢).

The youngest mandible of Zitwnoiys which I possess is a left vamus of 7. Foulannesi
(Br. Mus. Geol. Dep. M5267 4), ficured Pl 37. fig. 10. . 2 and m. 3 have dropped
out. Flanking the three corners of the alveolus for p. 2 ave visible the small
alveoli for the roots of deeiduous teeth; the anterior and the postero-external secm to
belong to d. 2; the postero-internal was presumably oceupied by the anterior root of
d. 1. P.1is still in the socket and had not yet come into use.  Both the principal
lobes composing this tooth are surrounded hy enamel ; but the wrinkled eentral surfaces
of the lobes are composed of dentine, with the exception, perhaps, of the snmmits of some
of the wrinkles, which, to judge from their shining appearance, may hear a very slight
coating of enamel *.  In p. 1 and the true molarvs of «wdult Titunomys Fontannesi, the
enamel bordering appears interrupted in the middle of the anterior wmargin (P1. 39.
fig. 6 «). llilgendorf has recorded a similar instanee of the absence of the enamel
bordering on the inner half of the anterior border in the lower check-teeth, p- 2
excepted, of Lepust. The anterior transverse lobe of p. 1 (fig. 10) still shows
traces of having been divided orviginally into an outer and an inner cusp and of the
“ paraconid 7 on its anterior border; vestiges of the latter are visible also on p. 1 of a
slightly older individnal (fiz. 16, of the rieht side), and on m. 2 of the same richt ramus.
The terminal cusp £ (*“hypoeonulid ”) is present in both p. 1 and 1. 1 of the younger
specimen (fig. 10), as well as in p. 1, m. 1, and m. 2 of the second individual (fig. 106),
and in p. 1 of a third (fig. 21, vight side).  In the left ramus, exhibiting the complete
series of five check-teeth (fig. 7), £ is present in all of them. Tn p. 1 of 7% visenovieusis
(fig. 25) it is remarkably large, althoueh partly fused with the posterior lobe; and it
is equally present on the posterior border of m. 1 and m. 2 of the second specimen of
T. visenoriensis (fig. 21); so that, eontrary to what has been stated by former writers, the
cuspidule in question may be present in all the four anterior cheek-teeth of this specics.

Passing on to the recent representatives of the tamily, it may be seen from fig. 22
(PL 87.), of an immatwe Caprolugns hispidus, that p. 1 nearly approaches p. 2 in its
antevior complication.  The two prineipal lobes are not yet connected on the inner side
by & dentinal isthmus, but arc merely held together by cement; the antevior lohe is
distinetly eomposed of an outer and an tuner eusp, the latter being more pointed and
slightly higher than the former.  The anterior border of the tooth presents two minor
cusps, an onter and an inuer, the median odd cusp of p. 2 being abseut.  Both the lohes
show a very marked wrinkling of thenr surface.  As in p. 2, ¢ is apparent on the
posterior margin of the sceond lobe.

Two very distinet minor cusps are likewise visible on the anterior border of p- 1 of the

* We have here an instance similar to that recorded by Hensel in Mus decumanus, rattus, nouseulns, sylvaticus,
agrerius, aud winutus, where in perfectly nnworn molars = iiberzieht der Schmelz dic Hocker der Zahnkrone uiemals
vollstindig, sondern lisst an den Npitzen das Zzhubein frei hervortreten.” Zeitschr. d. deutsch. geol. Ges, viii,
pp. 233, 254, ph. xiil. figs. 2, 3 (1556).)

T Sitzungsber, Ges. naturf, Freunde zu Berlin, 14 Jan. 1354, p. 23,
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Rabbit (fig. S): the fivst lobe of the same is mainly composed of an outer and an inner
cusp, separated by a median hollow ; the second lohe is wrinkled as in p. 2 of the same
species.  The minor cusps, though less distinet, ave visible also in m. 1 and m. 2 of the
Rabbit, in m. 2 almost vanishing. I have noted their presence in the trne molars of
yvoung speeimens of other speeies as well (Lepus europwus, Lepus sp. from China,
Sylvilagus brasiliensis): ¢ is generally present in uanworn deeidunous teeth, in premolars,
an’d 1 molars of several Leporidee.

To sum up the ahove as regards the lower check-teeth, p. 2—-m. 2. An original
arrangement 1nto outer and inner eusps, separated by a median longitudinal valley, is
traceable in the lower molars of Lagomorpha generally. It is more distinet in the
anterior cheek-teeth, and persists throughout life in p. 2 of most genera in hoth families;
it is less distinet, though perfectly pereeptible, in trne molars, in whieh it very soon
disappears by wear, being replaced by the transverse arrangement.  In p. 2 we have to
distingnish between an older eomplieation and seeondary additions; the inercase in the
plication alone is present in the posterior check-teeth, the anterior ensp not.  On
comparing adult stages of p. 2 of 7ilwnonys with the corresponding tooth of all other
Lagomorpha which. on the whole, arc more reeent forms, the latter appear to he more
complicated ; but in young stages p. 2 of Tilanomys Fonlainnesi presents also & eom-
plicated appearance. This cannot be an incipient complication, for that part of the
shaft of the tooth which is situated on the opposite end of the pulp-cavity is, as a matter
of conrse, always the oldest.  Nilgendorf has Found the interruption of the enamel
border on the inner side also of lower molars of Lepus *, a faet whieh points towards
a degeneration of this part of the tooth, and would secem to call for a compensatory
inerease on its outer side.  However, T amn not aware of a pereeptible additional increase
on the outer side of lower molars of more recent forms, as eompared with older ones .

Upper molars are move progressive than lower as coneerning oceasional additions,
An ingenious explanation of this general oceurrvence is given hy Winge in the following
remark :— ¢ The explanation of the maxillary teeth making a lavger inerease than those
of the Tower jaw is in all likelihood the following: they are placed in an uwnmovahle
bone, where the conditions for nonrvislonent are more favourable than in the compara-
tively slender and movable mandible ” 3. Tn our special ease an nerease of the lower
molars in the transverse direetion can be the more dispensed with, sinee in the Leporidee
the movement of the jaws is chiefly lateral.  This will not be denied hy any one who has
ever examined the shape of their glenoid cavity or watched a Rabbit or ITare chewing.
Moreover, the dentine of hoth upper and lower ¢hieck-teeth shiows nnmistakable signs of
this movement, m the presence of transverse striae, due to the action of the transverse
enamel erest of the opposite tooth,

It vemains to discuss in some detail the last molar, m. 3, about which very divergent
views have been put forward.

* Op. et p. 23,
t Neither am I aware of lacune on the internal enamel bFordering of any Lagemyidae; but T must add that no
sections were made.

T Vidensk. Meddelelser naturhist. Forening i Kjohenhavn £ Xar. TSS20 . 17 (1883).
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Fig. 7, PL 37, shows this tooth in place in a Jeft mandibular vamus of Titanoiys
Fontannesi. 1t is not a simple cylinder, as in Lagopsis and Lagomys, but is composed of
two lobes, a larger anterior onc and a small posterior, attached to the foimer in the
same manner as in the anterior molars the terminal cusp (¢) is attached to the lobe
preceding it, viz. separated from it by cement, only in the upper part. For this
reason, and becanse the anterior lobe of m. 3 shows traces of greater complication,
1 homologize the posterior lobe of this tooth with ¢ of the anterior molars; the anterior
lobe of m. 3 would then represent o/ the principal lohes of the anterior molars.

When discassing the tooth-formula of Tifanomys, allusion was made to Filhol's
suggestion that the terminal cusp of m. 2 of 7% wisenoviensis might be the representative
of m. 3 of the recent Lagomys, in the specimens of the former where this is missing.
“Si cette opinion est juste, on pourrait en tirer comme conclusion qu'i un certain
moment, sur les animaux voisins des Lagoiys, il y a une tendance & la simplification du
systeme dentaire, d’abord par la fusion de la dernitre dent avee Pavant-dernitre, et
ensuite par la tendance a la disparition de cet ¢lément soudé” *. Tilhol here ignores
the circnmstance that all the anterior teeth have this  troisicie lobe ”’ as well, while in
their case we have not at our disposal an oceasional small isolated tooth to suggest a
fusion theory. Besides, as was said before, this theory may be at once disposed of by a
glance at onr fig. 7, showing m. 2 with a well-developed terminal cusp (£), m. 3, the
supposed homologue of this lat{er, being likewise present.  Other figures also (figs. 10,
16) show m. 2 with the terminal cusp, together with the alveolus of m. 3.

As will be seen further on, Schlosser scems to incline to the opinion that the presence
of a terminal cusp in w. 2 of 7% ¢iscaveiensis is an indication of w. 3 having become fused
to m. 2; for he says that w. 3 of Lagopsis verus may be the analogue of the terminal
cusp ({) in m. 2 of Zilunomys+. It is, however, difficult to make out what meaning
he wishes to attach to this vague term ** Analogon .

Lagopsis.—The type-specimen, Heunsel's Lagoinys ceras §, has five lower cheek-teetl,
the last being a small eylindriform tooth, precisely as in the recent Lagoiys, to which
Lagopsis 1s closely related.  The tooth in question was not complete in Ifensel's
speeimen, but a fragment seems to have remained inside the alveolus; else he would
have presumably used the term ““ausgefallen,” whereas he says, speaking of the condition
of this tooth, that it is broken away (* weggebrochen 7).

Three more or less complete mandibular rami, from Deggenhausen, Elge, and IHohen-
hoven respectively, arec mentioned by IL. v. Meyer, and drawings of their teeth, found
among H. v. Meyer’s MSS. have been reproduced by Schlosser§. They show an
agreement in theiv p. 2 with Hensel's Lagoimnys rerus, and Schlosser thevefore concludes Il
rightly, I think, that they are of the same species.  He further deems it not improbable
that Lagomys aningensis, 1. v. Mey., from (Eningen may be identical with Zagonys

* Ann. Sc. Géol. x. p. 28 (1879). § Op. cit. p. 31, pl. viil. figs. 40, 46, 49,
+ ¢ Nager des europ. Tertiars,” p. 52 (1554). | Op. cit. pp. 31, 32,
+ Zeitschr. d. deutsch, geol. Ges. 1556, p. 655, pl. xvi. € Op. cit. p. 32,

figs. 12, 13.

SECOND SERIES.—ZOOLOGY, VOL. VII. 67



483 DR. C. 1. FORSYTH MAJOR ON

serus, Hens,”  That this is true with regard to the (Iningen specimen in the British
Museum has been shown on p. 462, I can affirm the same for the Seyfried specimen *
at present in the Constance Gymnasinm, where I examined it and found it to have
the characteristic p.2 of Lagopsis verus. With regard to the Carlsruhe specimen t,
since the shape of its p.2 cannot be clearly made out from IL. v. Meyer’s figures
and description, the true position of this “ L. wuingensis, IL. v. Mey.,” cannot be
satisfactorily determined for the present. It might quite as well be a Titanomys
Foutanuesi. In the former, as well as in the specimens from Deggenhausen, Elgg, and
Hohenhdven, no last molar (m. 3) could be seen ; as, however, this tooth is very caducous,
its absence in the fossils is not in the least conclusive ; it may have dropped out and the
alveolns been filled with matrix. Nor does Schlosser attach any great weight to the
absence of this small tooth in the thvee speeimens drawn in II. v. Mever’s MSS.
this, however, for rcasons with which I completely disagree. ¢ Anf das YFehlen des
letzten einfachen Backzahnes hei den drei von Il v. Meyer gezeichneten Exemplaren
darf wohl nicht allzuviel Gewicht gelegt werden.  Es ist nicht unmaglieh, dass auch hier,
wie hel Titanomys visenociensis, im normalen Niefer nur 3 zweilobige Molaren vorhanden
sind, und dass daher der stiftformige m. 4 (meaning m. 3) “ des Ilensel’schen Originales
als Analogon des bei 7. eiseuociensis almorm vorkommenden Lobus des m. 37 (meaning
m. 2)  betrachet werden muss.” §

This whole statement is somewhat vague: the author seems to assnme (1) that in
1. visenorieusis hoth the m. 3 and the third lobe (¢ in my figures) of w. 2 oceur only
abnormally; (2) that in ““ Lagoiwys veius” the presence of m. 3 is equally an abnormal
ocerrrence.  I'rom these two assumptions the inference is drawn that m. 3 in the type
of Lagomys rerus is the analogue of the equally abnormal third lobe in m. 2 of
T. visenoviensis.  Schlosser concludes by saving that he is almost inelined to consider
the presence of m. 3 as a juvenile chavacter, and that this tooth is caducons (hinfiillig).
This is very probably true with regard to 7. risenoriensis, and T have myself sugeested
it in the preceding pages. DBut it is decidedly erroncous with regard to wm. 3 of Lagopsis
rerus, as are all the other suggestions tentatively put forward in the passage quoted.
With regard to 7' risenoriensis, the matter has been fully discussed above. As to the
w. 3 of Lagopsis rerus, in all my specimens from La Grive-Saint-Alban, cither the tooth
itself or its very distinet alveolus is present (Pl 87, figs. 11, 2G).  Depéret, too, has hefore
figured a mandibulay ramus of Lagopsis rerus Irom the same locality, showing the m. 3 § ;
and Biedermann has deseribed this same tooth in specimens from Elgg.

Lrolagus.—There is no third inferior true molar, m. 3, in this genus; m. 2 is composed
of threc lobes, the posterior connected with the middle one by cement, in the same

ray as tlie latter is with the anterior one, From this eireninstance Pomel concluded—
ust as Filhol has in the case of Titvnomys—that in Prolages m. 3 had hecome fused
with w. 2. Of the Prolugns oeningeunsis of Sansan, he says :—“ Cenx de Sansan diffcrent

#

IL. v. Meyer, * Fossile Siugethiere, cte., von (Iningen,” Fauna d. Vorwelt, p- 6, pl il fig. 1 (1S45).
Ib. pl. ii. fig. 1.

Op. et p. 32,

14—+

L74]

Areh, Mus. Lyon, iv. p. 164, pl. xiii. figs. 16, 16 « (I387).
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encore, comme sous-genrc, par la dernicre molaire inféricure, qui a trois prismes par
réunion de la cinguicme molaire A la quatricime ” *. Fraas holds the same opinion t.

This theory would at first sight seem to be supported by what Depéret has Found
in the ZProlugus of Roussillon. He figires two mandibular ramif, in one § of
which lie records five cheek-teeth, in the other || only four; and he goes on to say :—
“Cette différence est moins importante qu'elle ne peut sembler au premier abord ;
elle tient simplement & ce que le dernier prisme d'émail de la série dentaive est soudé
au prisme préeédent de la guatricme molaire dans Fune de ces mandibules, tandis gue
ce méme prisme libre constitue une cinquicme molaire dans la fig. 29.  Cette sondure,
qui se fait d’aillenrs unignement par intermédiaire d’une certaine quantité de eément,
ne me parait pas aveilr 'importance qu'on lui a attribude pour la distinction des deux
genres Lagomys et Prolagrs, puisqu’elle est variable suivant les sujets dans le petit
Léporidé de Roussillon ” €7,

T agree with Prof. Depéret that this difference has no great importance in the Roussillon
jaws, though not for the reasons adduced, for I apprehend he is mistaken when he
nstitutes comparisons with ZLagonys, and considers that the isolated prism of his
fig. 29 “constitue une cinguicme molaive.”  H. v. Meyver met with similar oceur-
rences among twenty mandihular vami of Prolagus ociingensis (Kon.) trom Steinheim,
and refers to them in the following words :— In some instanees one might he induced
to believe that the posterior of the three prisms constitnting the last molar is separated,
so that the creature would have the character of ZLZagomys 5 but he judiciously
adds :—* Oun closer examination, however, it can be seen that the posterior prism 1s
included in the alveolus ol the rest of the tooth, so that it evidently is part of the
latter 7 (“ dass das hinterste Prisma nicht dureh die Alveole von dem itbrigen Zahn
abgeschlossen ist, zn dem es daher offenbar noch gehért) ” #*. Numerous mandibular
vami of the LProlagus wningensis from La Grive have passed through my hands, as well
as from 600 to 700 ot P. sardus from the Corsican and Sardiniant ossiferous hreccias and
caves. Not unfrequently 1 found the third prism of m. 2 separvated from the rvest of
the tooth; but by the eriterion established by H. v. Mever there could never be a doubt
as to the interpretation, which invariably was that, either by fracturve or by the weathered
condition of the cement, the last prism had been separated from .23 as ave likewise,
though more rarely, separated from each other the two prisms of the anterior teeth.
I do not doubt for a moment that the same explanation will hold good in the case of
the Roussillon specimens. In Prolayus each of the prisms has its alveolar nichie
‘formed by two partial septa starting {from the outer and inner alveolar border ; but these
must not be confused with the complete septum separating onec alveolus from the

other.
I consider the third prism of w. 2 of Prolagus to be the homologue of ¢ of the

* (at. méth. et descr. Vert. foss, du Bassin de la Loire et de I'Allier, p, 43 (1853).

+ Wurttemb. naturw. Jahresh. xxvi. p. 170 (1570),

1+ Anim. plioc. du Roussillon,” Mém. Soc. Giéol. France, 1. p. 57, pl. iv. (1590).

§ Op. cite pl. iv, figs. 29, 29 «.

| Op. cit. pl. iv. figs. 28, 25 «. € Op. cit. p. 57, #% Neues Jahrb., 1865. p. 843,

67%
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Titanomys-teeth ; and that m. 3 having heen lost in the former genus by some means or
other, the terminal cusp of m.2 has bhecome enlarged in compensation. We have
numerous analogies for similar oceurrences, but we have none for the ever-recurring
theories of fusion hetween tooth and tooth, which on closer examination always hreak
down. This notwithstanding, we shall still hear of them, since they yield the explanation
which lies nearest at hand.

Again, although Prolagus presents in its molars, at least in the npper ones, more
primitive characters than ZLagopsis and Lagomys, it canuot be cousidered to be the
direct ancestor of these; for it cannot he surmised that a tooth—m. 3—after having
been lost, veappears in a later genus.  Hilgendorf vegards m. 3 of Lepus as a vecent
acquisition, for he terms it ¢ phylogenetisch der jiingste (Zaln)” *; presumably for
the same reason for which he considers the maximum of enamel-plication observed by
him in upper ineisors (of “ Lepus mericaius) to he “phylogenetisch cin Extrem ™ 7,
hecause there is no trace of it “hei den fossilen Leporiden-Gattungen (JHyolagus).”
There is no good reason for considering the Miocene Prolagus (IMyolagus) in the
ancestral line of ZLepus, simply beeause no true Leporidic have heen found in the
European Miocene; nor in inferring from the various primitive charaeters of Prolagus
that the absence of m. 3 is a primitive character as well.  Besides, Hilgendorf does not
take into consideration the fact that Legopsis and Titwwomys, hoth of which are contem-
poraneous with and even partly (7. risenorvicisis) older than Prolagus, possess a .3,
I presume that, for similar reasons, Tlilgendort would consider the m. 3 of Lepus a recent
acquisition also; and here we must remember that the Oligocene Palaolagus has
both m. 3 and m. 3.

Noack deseribes the last lower molar of voung Lepus saralilis as composed of two
antero-posteriorly placed cusps, which seem (““scheinbar ”)to be separate, but at any rate
(““jedenfalls ”) are only loosely connected, which makes it donbtful whether they ever
coalesee to form a compact tooth. This conformation of m. 3 is in the author’s opinion a
sufficient justification for the following gencralization: ¢ Jedenfalls ist im Unterkiefer
von L. saxalilis noch die Tendenz zu 6 Backenzihnen vorhanden.” § Why not, while we
arc at it, towards eight P—sinee it is stated immediately afterwards that the same
partitioning of the two lobes is also visible in two of the anterior molars. The

# Qitzungsber. d. Ges. naturf. Freundo Berlin, Sitzung v. 15, Januar 1854, p. 23,

T Op. cit. p. 20.

+ Th. Noack, * Necue Beitrige zur Kenntniss d. Niugethier-Fauna von Ostafrika,” Zool. Jahrh. Abth. f.
Syst. ote. vii. p. 545 (1893).  The wiiter of this pamphlet has examinod numerous dentitious of feetal and young
Rabbits, and ¢ L. eulyaris” (meaning L. europarus), and finds among other things in their cheek-teeth eusps which
are absent in the adult. So far, good. Apart from this, his descriptions and generalizations show on almost
every line that he has approached this difficult subject without suflicient seicntific training.  Hilgendorf’s short
sentence of 1865 : ¢ Die oberen Backzahne junger Hasen sind mit einer halbmondfirmigen Schmelzrihre verschen,
wodurch ein Ubergang zu dem fossilen Myolagus gebildet wird,"—is of infinitely higher seientifie value thau the
nages filled with laborious descriptions in the paper quoted. 1f the author had taken Hilgendorf's words as a
starting-point and a guide n the investigation of upper leporine check-teeth, he might have been able to
do some useful work. He knows about tritubercular tecth ; he also secins to be aware that on one oceasion
tho molars of lagomorphous Rodents have been compared with those of diprotodont Marsupials, and that
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numerous juvenile dentitions which were at the author’s disposal might have shown him
that the separation of the two lobes is characteristic of young stages in the infevior
chicek-teeth of Lepus generally.

Tue Boxy Parare 1N THE LAGOMORPHINE SKULL.

The greatly reduced bony palate is considered to be one of the characteristic features
in the skull of Lagomorpha. At first sight the only difference in this respect between
Leporidie and Lagomyide appears to be that in the latter family the palatal bridge is
shorter than in Leporidee.  On investigating the matter more closely, however, it may
be seen that in Leporide the bony palate is shortest in the genus Lepus s. str., viz. in
those forms which arc most specialized for running and leaping: and that the
shortness is principally due to a veduction in length of the os palatinum. In Lagomyidze,
on the contrary (Pl 39.figs. 84, 36, « »”), the latter bone is comparatively clongate,
while the part of the bony palate formed by the maxillaries (m) is greatly reduced, so
that in some cases the latter do not even join in the 1aiddle line anteriorly, the middle of
the anterior wargin of the palatal bridge being formed by the palatine bones.  As seen
from the figures, Prolugus (fig. 36) is in this vespect scarcely different from Lagomys
(tig. 34,).

It might, ¢ priori, be expeeted that this speciolization of the Lagomorpha will be
reduced to a mimmun, in other words that the hony palate will be longest, in the oldest
members of the group, and this is in fact so. Cope describes this part of the skull
of Pal@olagus as follows :—¢ The pulatine bones are flat and ocecupy more than half the
palate between the molars.  Their common suture is at least as long as that of the
waxillaries, and extends as far forward as the posterior border of the second molar.  From
this point the anterior suture extends to the posterior border of the third molar. The
palatal noteh is reetangular, and is not wider than the palatine bone on each side of it.” *

some phylogenetic speculation has been based thercon.  The author avails himself of these two types, the
tritubercular and the diprotedont, in tracing two primitive types in the tecth of one species, Lepus savatilis ; the
anterior upper cheek-tooth is referred to the tritubereular type ; the conformation of the two anterior lower tecth,
on the other hand, * decidedly suggests the molars of Nangaroos and Wombats, and makes it probable that the
ancestors of the Lagomorpha were Marsupiuls, holding about the middle hetween I’hascolomys and Lagorchestes™
(p. 545). By the cheek-teeth of its ripe embryo, the Wild Rabbit is far removed from Lepus curopueus (p. 533) 3 and
tho cheek-teeth of the latter were cvolved from the tritubercular type (p. 351). The rabbit's skull approaches the
Marsupial type (p. 551). The anthor scems to be unaware of the existence of deciduous check-teeth in the Leporidie.
On p. 549, the anterior of the upper cheek-teeth is twice termed p. 1. Supposing that we have really to do with
a premolar, the anterior premolar in the upper series would be p. 3, according te Hensel's mode of writing, adopted
by the present writer, or p. 2, according tv the usual custom, but under no circumstances p. 1. Considering,
however, that the two teeth referred te by Prof. Noack belong, the one to a mature. the other to an unripe embryo
of L. ewropaus, in which species the tooth-change takes place only some time after birth, the alleged p-lisin
reality a d.3 (d. 2 of authors). On pp. 544 and 545 the remarkable circumstance is noted that in the half-grown
L. saxatilis the second and third anterior upper check-teeth are more retarded in their development than the same
teeth in embryos of L. cargpwus.  The very obvious explanation is that those of the former species are premolars,
those of the latter deciduous teeth.

# 1. D. Cope, ‘The Vertebrata of the Tertiary Formations of the West,” i. p. 875 (1376) pl. Ixvi. figs, 1, 4
(1383).
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The only known palate of Zitanomys is that figured by Tilhol *, which too is clongate.
According to himt, the length of the palatal bridge in Lagomys and Tilanownys
respectively is as follows :—

millim.
Lagomys tibetanus......... 0-002.
Lagomys ogotona ......... 0:0015.
Titanomys visenoviensis... 070015,

The suture between the palatines and maxillaries is not shown in the figure of
Titanomys. Thanks to the kindness of Mons. M. Boule, I have heen able to examine the
original in the Paris Museum, and can state that in this oldest member of the Lagomyidee
the family charaeter is alveady very evident in the reduction of the maxillaries,
imasmuch as the palatines oceupy the anterior margin ol the bridge in the middle line, the
twomaxillaries not joining each other. The difference in the length of the palatal bridge
between 7ilanoinys on the one side, and Lagoinys (with Prolagus) on the other, is therefore
wholly due to the greater elongation of the former’s palatine. 1In Palweolagus i both
bones ave lengthened, as eompared with other Leporide, and espeeially with the most
modernized speeies of the family.  The antervior palatal noteh formed by the maxillaries
extends forward slightly beyvond the anterior margin of p. 3, as it does in Nesolagus
Nelscheri (P1. 89. fig. 38), which is one of the most primitive of recent Leporidee. The
posterior palatal notelh of Palcolegus veaches as far backward as a line uniting the
middle of the alveoli of m. 1. Besides, the horizontal portion of the ossa palatina is also
transversally much less reduced than in most of the recent Leporidie, the breadth of the
posterior palatal notch being approximately equal to half the breadth of the space
between it and the alveoli. While in this latter eharacter Pul@olagyus converges
towards the Lagomyidze, or rather goes bevond them—for, to judge from the figures, the
palatal notch of Palwolagus is eousiderably narrower thau even in Zétanomys—it is
thoroughly leporine with regard to the part which the maxillaries take in the formation
of the bony palate.

Those among recent Leporidee which, on aecount of their several primitive characters,
may be placed in a separate section (Caprolagus-group), as opposcd to Lepus s. str., are
more, primitive also in the character of the greater antero-posterior length of the palatal
plates of the palatine and maxillary bones, as may be judged from various instanees
ficured in P1. 39. Iig. 32vepresents the palate of Cuprolagus hispidus (Pears.); fig. 83, of
Sylrilagus (Romerolagus) Nelsoni; fig. 37, the same part of Oryclolagus crassicaudatus
(Geoffr.) ; tig. 38 that, already mentioned, of Nesolagus Netscheri of Sumatra. It is well
known that the bony palate of the Rabbit, of which a figure is not given here §, has a
greater longitudinal extension than in the Common llare and that its palatal notch
is narrower ; both these characters are much more pronounced in the young. Fig. 35

# H. Filhol, - Etude des Mammiféres fossiles de Saint-Gérand-le-I'uy (Allier),” Ann. Se. (véol. x. pl. 3, fig. 16
(1879). T Op. cit. p. 31,

+ Cope, op. cit. pl. Ixvi. figs. 1, 4.

§ lixcellent lower views of skulls of the Rabbit, side by side with those of Lepus curoperus. have been figured by
H. v. Nathusius (¢ Uber die sogenannten Leporiden,” pl. ii. 1876).
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(PL. 39) represents these parts of a young Sylvilagus brasiliensis (Linn.), which closely
resembles Palwolagus in the great antero-posterior extension of hoth the palatine and
the maxillary boues and in the very narrow palatal notch, hoth coming near to the
normal condition ol Mammals.

As might have been expeceted, the Pliocene Lepus raldarnensis, Weith., also presents a
more normal palatal region than the various specialized species of Lepus, and may for
this reason alone be assigned to the Caprolagus section. The anterior and posterior
palatal notches are much narrower than in L. ewropeus, and the whole of the bony
palatal bridge is considerably longer ; this being especially due to the elongation of the
maxillaries *.

The greater reduction of the palatal plate of the maxillary bone in Lagomyide,
as compared with Leporidee, might secm to be due to the greater backward prolongation
of the foramina ineisiva in the first-named family. On closer examination, however,
it becomes evident that in reality we have to do with a fusion of two originally separated
vaeuities, viz. the trne foramina incisiva, and a sort of palatal fontanelle hehind them.
In Lagomys, the premaxillie generally, though not in all the species, join in the middle
line between the foramina incisiva and the fontanelle hehind them; in Leporidie, the
conflucuce of the two fissures has generally, hut not always, become complete. An
approach to Lagomyidee (fig. 86) ix given by the bottle-shaped appearance of the
“foramina incisiva” which Bangs considers to be characteristic of « Lepus sylralicus
transitionalis " —the same occurs also in other American Leporidee—and which is but
the remnant of the original separation of the true foramina incisiva from the palatal
fontanelle. I therefore do not think that Winge is right, when he assnmes that the
separation of the two openings is a sceondary character in Lugomys, bronght ahout
by the mew formation of a bony platef. Judging from Cope’s fienve §, the fusion of
both openings scems te have already taken place in Puleologus.  But if we judge from
recent forms, i which the premaxillic are very thin in this region, it appears probable
that the apparent fusion in the figured palate of Palwolugus is due to the defective
preservation of the premaxillee in the figured specimen.

ON THE LIMB-SKELETON OF LAGOMORPIIA.

There is a great difference between the Lagomyidie and Leporidie, and between the
various members of the latter, in the absolute length of the fore and hind limbs, and in
their relative length, compared with cach other. The ditferences, moreover, are not only
in size; and it is the antebrachium which in the first place presents notable divergences
in the different groups. Even for systematie purposes it will be necessavy henceforth to
take into consideration these, as well as other, parts of the skeleton; and we cannot
content owselves with such general statements as “hind Hwmbs loncer than the fore
limbs,” and “ hind limbs and fore limbs subequal.”

* A, Weithofer, in Jahrb, k.-k. geol. Lteichsanstalt, Bd. xxxix. P- SO (1384).
Proc. Bost. Sec. Nat, Hist, xxvi. p. 407 (1s595).
H. Winge, ¢ Jordfundne og nulevende Gnavere,” &e., I e. p. 113 « Forskjellen fra Iaren er kup, at det egenlige

—-

1+

F. incisivvm er afskilt ved en nyopstaaet, ikke altid fuldst:endig Benbro.” § Op. cit. pl. 1xvi. fig. 1,
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In comparing the characters of the common Iare (L. europeus) with those of the
domesticated Rabbit, Nathusius enters into full particulars of the differences presented
by the antebrachium, summing them up in the following statements :—

Hare. Ralblbit.
Ulna weaker than the vadius, sitnated Ulna stronger than the radius, situated
behind the latter. laterally.

In relation to the basilar length of the skunll and the length of the vertebral column,
the anterior and posterior limbs are in their totality, as well as in their different parts,
longer in the Have, shorter in the Rabbit.

Hare. Rabbit.

Humerus longer than antebrachinm. Humerus and antebrachinm subequal in length.

Length of the antebrachium as compared with the tibia :—

Hare. Rabbit.
Antebrachium shorter than the tibia by Autchrachinm shorter than the tibia by one-
about onc-fourth its leugth. half its length *.

With regard to the remarkable differences in the antebrachimm of the two animals,
the writer concludes that they are doubtless associated with their different habits,
the Rabbit burrowing and the lare living above-ground f. Put in this gencral way,
the conclusion is undoubtedly true. Nathusius, iowever, does not scem to have been
aware that the difference is chiefly due to the specialization of the flare’s {ore-leg, which
specialization is nothing else than the beginning of the process carried much further in
the modern swift-footed Ungulates. Tt therefore remains to be scen how far, if at
all, the structuwre of the Rabbit’s antebrachinm is a consequence of its hurrowing
propensitics,—an adaptation to them. TFor neither from what we know of its habits, nor
from the structure of its fore-limh, can the Rabbit he considered to he a truly fossorial
Mammal, as is, e. g., the Mole, or, among Rodentia, the genera Geomys, Spalar, and
Niphieits.

In distriets where the Rabbit finds burrowing in the ground too hard a task, it
manages to do without it ; as it sometinies does, perhaps, for other unknown reasons.

* H. v. Nathusius, ¢ Uber die sogenanuten Leporiden,” pp. 17, 31-33, 67, figs. 2-5 (p. 32) 1876.

T Op. cit. p. 33.

+ W. Thempson states (Proe. Zool. Sec. Londow, part v. p. 52, 1837) that in the North of Ireland persons whe
take Rabbits make u distinction hetween the Durrow-Rabhit aud the Bush-Luabbit, and that the latter is so designated
in consequence ot having a **form like the Hare, and which is generally placed in bushes or underwood.,” The
Rev. G. T. Dawson, speaking of the Wild Rabbit, says :—* There is a variety . . . which never burrows in the ground,
hut lies bencath bushes, or among the herbage ot hedges or woods, and is called by the common people of that part
of Hertfordshire which borders upon Bedfordshire the Bush-Zlablit, and in the northern parts of the same county
the Stub-Ralbit . . . . A non-burrowing Rabbit may, in its distress, scramble inte a hole, ex burrow, if there happens to
be one in its way, in which to die in secrecy ; hut, as far as my own observation extends, I never remember one
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One of my prineipal reasons for separating a certain number of Leporidze, under the
designation of Cuprolagus, from the swift-footed Lepus (figs. XXV-XXVIIL), is the

Figs. XXV-XXVITL Left antebrachium of Lepus timidus, Linn. (L. variabilis, Pall.), § reduced. XXV, front view
XXV, ulnar (external) view ; NXV1I, radial view : NXXVITL, posterior view.
Figs. XXIN-XXXI. Left fore-limb of Sylvilagus brasilicnsis (Linn.), nat. size. XXIX. front view. 1-V=first

to fifth metacarpals, »=ecarpale 5 (vesalianum) ; XXX, radial view ; NXXXI, ulnar view.

structure of the antebrachium; but of several of the former it is expressly stated
that they do not hurrow at all, or at least that they are not habitual bhurrowers. 1
have thoneht it would be instructive for my present purpose to record the observed facts
of the physiology of the organs of locomotion of various Lagomorpha, by collecting as
much information as is available to me,

of the bush-ralbits runming to ground, even when wounded, and certainly it is contrary to its habits to do so under
different circumstances  (* Zoologist,” iii. p. 903, 1545).  Tn W. Thompson's * Natural History of Treland’ (vol. iv.
p. 30, 1856), his former statement is repeated, and strengthened on the authority of Dr. R. Ball, “who has
long been aware of the difference of habit and appearance hetween burrow- and bush-rabbits in the County of Cork.”
In Bell’s ¢ Ilistory of British Quadrupeds ’ (2nd ed. pp. 344, 345, 1874) it is reported that * on moors, where the soil
is wet, lkabbits often refrain from burrowing, and content themselves with runs and galleries formed in the long
and matted heather and herbage. In more than oue instance we have known a family to take possession of
a hollow tree and ascend its inclined and decayed trunk for some distance.” Tn comment on this, Prof. 1owes has
drawn my attention to the fact that the Oriental Ullack-necked Hare (L. nigricollis) habitually resorts to the hollows
in trees when pursued, and that while the Furopean 1labbit may bring forth its young above-ground (* Zoologist,’
ser. 3, vol. 1. p. 18) the Hare may do so in a burrow.

SECOND SERIES.—ZOOLOGY, VOL. VII. ' 68
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Of Oryctolagus crassicaudatus, which, in the conformation of its antebrachium
(text-figs. XX NTI-XXXYV), is almost identical with O. cuniculus (P1. 38. fig. 30), Smith
says in a general way that it inhabits ¢ rocky situations” in Sonth Africa, and that  its
manners connect it closely with the Rabbit.” *  Alexander Whyte describes the same
specices in liis journey through the high-lying country in the North Nyasa district, and lie

NXT,

Figs. XXXII-XXXV.  Gryetolagus crassicaudatus (Geoffr,).—Left fore-limb, nat. size.  NXXII. posterior view ;
NXXXIII, front view : XXXV, ulnar view ; XXXV, radial view,

Figs. XXXVI-XL. Caprolugus hispidus (Pears.).— Left fore-limh, nat. size. XXXV, posterior view ; XXXVII,
front view: sr=radiale, ¢=intermedium (lunar), w=ulnare. I-3=carpalia I1-3.
(,=carpale 4 (hamatum). NXXVIIIL, ulnur view : p=pisiform ; XXNXIX, radial view :
XL, front view of antebrachium, proximal end.

too compares it with the Rabbit .  Bnt nowhere have I found it expressly stated that
this species is burrowing; the rocky “situations ” and ¢ places ” to which, according to
botli observers, it is confined, certainly would not favour burrowing propensities.

’ . > 1

# A, Smith, in X, Afr. Quart. Journ. vol. ii. p. 87 (1533) (sub ¢ Lepus rupestris ™).

+ ¢ Terhaps the most interesting mammal we seeured was the hare of the plateaun, and which might well be
termed a ¢ rock-rabbit.” . .. It is very local and peculiar in its habits, confining itself to the highest and most
rocky places on the platean. On this acecount we found it most difficult to procure good specimens. 1t kept
dodging about the granite boulders, and we seldom got a shot until it was quite elose on to us. ... It was never
fouud out in the open . .. ..” (British Central Africa Gazctte, 15th Oct. 1895 to Ist Feb. 1896, p. 22.)
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Of the “ Lepus brasiliensis ” of Paraguay, whose fore-limbs (text-figs. XNIX-XXXT)
mueh resemble those of the Rabbit, D’Azara states expressly that it is not a burrowing
animal ¥, and the same is contirmed by Rengger .

Abhout the habits of Sylvilagus sylvaticus, the “ Grey Rabbit” of the United States, we
know from Bachman that ¢ though it digs no burrows in a state of nature, yet when
eonfined it is eapable of digging to the depth of a foot or more under a wail in order to
effect its escape ™ . S. artemisice, closely related to N. sylraticus, is deseribed by Clark
as burrowing §.

Special recognition is due to the following graphic description by Cones of tlhe
locomotion of three different groups of Iaves, viz. the Marsh-1lave (5. palustris), the
“Wood-Rabbit” (8. sylvalicus), and the “Jackass Hares” (L. callotis). Comparing
in the fiest place the two former, he says :—¢The Marsh-Rabbit . . . looks smaller, although
actnal measurement does not show any very deeided difference in size.  This deceptive
appearance is owing to the different gait ... The animal’s gait . . . is a direct conse-
quenee of the eomparative shortness of its legs—of the hinder ones partienlarly . . . The
animal’s general eonfiguration is more squat and bunehy ; it seems to run with its hody
nearer the ground |, senttles along with shorter, quicker steps, more constrained and
spasmodie, moving by jerks, as it were; and has little or nothing of the free bouneing
movements that mark the progress of the Wood-Rabbit. In these respects the last-
named species is exactly intermediate between the Marsh-Rabbit and the large
“Jaeckass” Haves (Lepus callolis) of the West, in which length of stride, height of
bound, and general fireedom of swinging gait veach an extreme.  These Western Haves
are the swiftest of their tribe in this country, and the Marsh-Rabbit is just the opposite
As attested by all obscrvers, the speed of the latter is appreciably less than that of even

* ¢ ]] ne fouille point de terriers, quoiquon dise, qu'étant poursuivi, 1l se cache sous des trones pourris et cutre
les débris des végétanx.” (- Essais sur 'Hist. nat. des Quadrupedes de lu Province du Paraguay,” ii. p. 55,
1801).

T J. k. Rengger, ¢ Naturgeschichte der Niugcethiere von Paraguay,” 1330.—* Hohlen oder unterirdische Ginge
griibt es keine " (p. 245). ¢ Nein erster Laut ist schnell'; er halt aber nicht lange ans und wird bald von den
Hunden eingeliolt ™ (p. 250).

T Journ. Acad. Nat. Sci. Philad. vol. vii. p. 335 (1837). The following statement as to tho feeble endurance
in running of S. sylvaticus is almost identical with what Rengger says of S, brasilicasis i—¢ Although it
runs with considerable swittness for a short distunce, yet it soon becomes wearied, and an active dog would
overtake it, did it not retreat into some hole of the eurth, into heaps of logs or stoues, or into a tree with a hole
near its roots. . . . In the Northern States, where the burrows of the Maryland marmot and skunk are numerous,
this hare retreats to their holes™ (op. cit. p. 325).

§ * Wherever the thorny clumps of chapparal and the loose saudy soil alford protection to this smallest of rabbits,
it may be found in grcaut wumbers. No matter when or where one of these may be scen, a clump of chapparal or
its burrow seem always at hand ; thus it does not travel fur, and a few jumps bring it to a place of safety. ...
The burrows nsually run into sand hillocks formed around bushes: sometimes, however, they are dug into the bare
compact surface.” (J. H. Clark. in Spencer F. Baird, * Mammals of N. America.—Part ii. Speeial Report npon the
Mammals of the Mexican Boundary,” p. 45, 1559.)

[| Cf. also Bachman on Sulvilugus peelustres: = Instead of leaping like the common Hare, it runs low to the ground,
darting through the marsh in the munner of the Rat.”  (J. Buchmau, = Deser. of a new Species of Hare found in
South Carolina,” Journ. Acad. Nat. Sci. Philad. vii. p. 196.  Read May 10th, 1536.)

65*
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the Wood-Rabbit, though it certainly appears to get over the ground quite cleverly,
particularly to one who has just missed, by under-shooting, a running shot ” *,

The most remarkable member of the family, as to its habits, is the © Romerolagus
Nelsoni, Merr.,” from Mount Popocatepetl, Mexico, of which it is stated :—This
singunlar animal has exceedingly short hind legs, and instcad of moving by a series of
leaps, like ordinary rabbits, yruns along on all fours, and lives in runways in the grass
like the meadow-mice” . Mr. E. W. Nelson, the discoverer of this creature, has
furnished the following further particulars:— A search under the overhanging masses
of long grass-blades showed a perfect network of large arvicola-like runways tunneling
throngh the bases of the tussoeks, and passing from one to another under the shelter of
the outenrving masses of leaves. It was evident that the rahbits were very numerons
here . .. So far as observed, these animals are strietly limited to the heavy growth of
saceatan grass, between abont 3050 and 3650 meters . . . They make their forms within the
matted bases ol the huge grass tussocks, by tunneling passage-ways along the surface of
the ground through the mass of old grass leaves and stems, and then hollowing out snug
retreats within the weather-proof shelter thus obtained ” 3.

I am unfortunately wnacquainted with the limb-skeleton of this interesting animal.
Although from the foregoing description it results that it cannot he considered a
burrowing animal, 1 venture to anticipate that its ulna will he found at least as little
reduced as in the common Rabbit, and not placed behind the radius.

llodgson § gives the following information on the habits ol Cuprolugus hispidus
(Pears.) :— The Hispid Ilare is a habitual hurrower, like the Rabbit; hut, unlike that
species, it is not gregarious, and affects deep cover, the pair dwelling together, hut apart
from their fellows, in subterrancan abodes of their own excavation . . . Less highly
endowed with the senses of secing and hearing than the Common ITare or Rabbit, and
gifted with speed far infevior to that of the former or even of the latter species, the
Hispid Hare is dependent for safety upon the double coneealment aflorded by the heavy
undergrowth of the forest | and by its own burrow, and accordingly it never quits the
former shelter, and seldom wanders far from the latter, whilst the harsh hair of its coat
aflords it an appropriate and unigne protection against continual neeessary contact with
the hmge and serrated grasses, veeds, and shrubs in the midst of which it dwells, and

* Elliott (‘oues, ** Observations on the Muarsh-Tare,” I'voc. Boston Soc, of Natural History, xiii. pp. 87, 88, %9
(1869). .

T C. Hart Merriam, ** Zomerolagus Nelsoni, a new Genus and Species of Rabbit trom Mount Popocatepetl, Mexico,”
Proc. Biol. Soc. Washington, x. p. 169 (1596).

+ Op. cit. pp. 169, 170.

§ B. H. Hodgson, - On the Hispid Hare of the Raul Forest.” J. . 8. Bengal, xvi. 1, pp. 573, 574 (1547).

|| By later writers it is denied that C. kispidus is un inhabitant ol the forest.  Blanford (* Fauna of Rritish India,’
Mammalia, 1. p. 454 1891) says :—* According to Hodgson the Hispid Hare inhabits the Sdl forest, whilst Jerdon
states with more probability that it is found in the Terai (that is, of course, the marshy tract usually thus ealled),
frequenting long grass and bamboos &e.”  Jerdon's words are :—** It frequents jungly places, long grass, and bamboos,
and, from its retited babits, is very difficult to olserve and obtuin ™ (1. C. Jerdon,  Mammals of India,’ b DR,

1567).
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dwells so securely that it is seldom or never seen even by the natives, save for a short
period after the great annual elearance of the Tarai by fire ; and they tell me that it feeds
chiefly on voots and the bark of trees, a circumstance as vemarkably in harmony with
the extraordinary rodent power of its structure as are its small eyes and ears, weighty
body, and short strong legs, with what has been just stated relative to the vest of its
habits.  The whole forms a beautiful instance of adaptation without the slightest change
of organism ™ *.  Even if it had not been expressly stated, I wonld have coneluded
from the structure of the fore limbs (text-figs. XNXVI-XL) that the Tlispid Iare is a
burrowing animal : in fact, the only member of the family whose orgauization betrays
fossorial propensities.

Nothing is known about the habits of the Sumatra IHave, Cuprolagus (Nesolagus)
Netscherit. From the strueture of its fore limbs, PL 38. fig. 28, it may be safely inferred
that 1t is a bad runner, and it may be an oceasional burrower; but it is certainly much
less fossorial than C. Zispidus.

The mode of locomotion of Zagomys (L. pusillus) is thus deserihed by Pallas :—
“Incedunt L. pusilli elambi et subsultante gressu, sed propter brevitatem pedum,
maxime posticornum, neque celeriter currunt, nec nisi inepte exsiliunt.  In posticos pedes
raro eriguntur V1 Winge conelndes From this that *¢ the mode of loconotion is thevefore
the same as in Lepus.”  Besides, he thinks it probable that the ancestors of Lagomys
have been hetter runners than the recent species; this, on account ot the resemblance of
the rump- and limb-skeleton between Lagomys and Lepus.  Also, according to the same
writer, some features in the skull of Lagoiys, showing that the organs of smell and sight
are less developed, point nevertheless towards a former different condition §.  As scen
from the figuves (PL. 38, fig. 20), Lagowmys resembles ovdinary Rodents and Insectivores
in the lateral position and non-reduction ol the ulna, and also in its comparatively short
hind legs.  This is the primitive condition.  Ave we, then, to assume that the ancestors
of Lagomys, starting from this condition, reduced their ulna and shortened their hind
legs, only to revert again to the former primitive condition presented by the living
species?  Equally far-fetched seems to me the supposition that the choante had formerly
been wider and the eyes larger. Neither Prolagus (P 39. fig. 36G) nor T%tanouys supports
the former assmmption, and there is no indication of larger orbits in Prolagus, nor of
supraorbital processes in either of the two fossil genera. The statement, * incedunt
L. pusilli elumbi et subsultante gressu,” which recalls Cones’s description of S. palustris
(“ scuttles along with shorter, quicker steps, more constrained and spasmodic, moving by
jerks, as it were ”), proves, in my opinion, au incipicrt stage of the leporine locomotion.

* The view expressed in the latter part of the last sentence is not correct.

+ 1. Nehlegel, * On an anomalous Rpecies of Ilare discovered in the Isle of Sumatra: Lepus Netscheri™ (* Notes
from the Leyden Museum,’ vol. ii. note xii. p. 54, 1830).

+ ¢ Novaw Species Quadrup. e Glirium Ordine,” p. 35 (1775

§ H. Winge, * Tordfundne og nulevende Gnavere (Rodentia),” p. 113,
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Frrru CarraL RAv.

The Pisiforn.

Kranse describes the pisiform of the domestic Rabbit as articulating with the ulnare
on its volar side®*; in the deseription of the ulnaf, it is stated that the distal
termination of this bone has a condyle for the facet of the ulnare. 'These two
statements imply that the pisiform of the domestic Rabbit articulates—as in Man—
with the ulnare only. If they arve corvect, the German domestic Rabbits are
different from those of this country; for in the English domestic and wild Rabbits
T find the bone called pisiform articulating with the ulna as well as with the ulnare;
this is the ecase moreover in all Leporidie (Pl 38. fig. 2, text-fignres XXX, XXXIV,
XXXVIiIl), in all Tagomyidee (P 388, fig. £), and in the great majority of Mammalia.
In the Leporidie the pisiform, the proximal part of which extends considerably in
a transverse direction on the volar side of the carpus, shows even two facets for the
volar side of the ulna.

Prom the following statements it appears that the so-called pisiform of Mamualia is a
componnd bone.

Daubenton mentions three accessory bones in the carpus of Ilylobates and  Liwus
ecaudalus; one of them is, in Ilylohales, sitnated as follows: “il se trouve placé sur

2

le joint quiest entre le troisicme et le quatricme os du premier rang ;” situated, therefore,
on the articulation hetween the ulnarve and pisiforme . The earpal bones of Zuwus arve
said to have the same position as in Iylobates, only diflering in their form §.  In Papio
thie accessory bone in question is said to be wanting |

Cuvier’s deseription is almost identical.  Speaking of the ¢ ossified nodules in the
muscle tendons ” of the carpus, he says:—=11 v en a deux par exemple, dans le
gibbon et le magot : T'an dans ie tendon du cubital externe, sur le joint du pisiforme avec
le cundiforme . . . . manque dans les sepajous ” 9.

Lebeueq deseribes and figures ** a case in the Gibbon :— Chez un Gibbon (Zylobates
lenciscus) de la collection de P'Université de Gand, il existe entre le eubitus et le enbital
du carpe nmi nodule ossenx articulé latéralement avee le pisiforme (/. fig. 2S).  Ce nodnle
me semble représenfer le cartilage qui disparait chez 'homme.”  (Reference is liere
made to the previous deseription of a eartilaginons nodule which is constantly met with
in hwoan embryos of the third and fourth month.) ¢ En méme temps que le erochet
terminal du cubitus s’accuse nettement, il se développe dans le ménisque embryonnaire
un nodule cartilaginenx elliptique, faisant suite d’une part a la pointe du crochet et de
Pautre se dirigeant vers lextrémité proximale de lintermdédiaire.” 1t disappears

* W. Krause, * Die Anatomic des Kaninchens in topogr. und operativer Ruicksicht, 2te Autlage, p. 120 (1884).
+ L.cop. 119,
+ Button et Danbenton, Hist. nat. gén. et partic. xiv. p. 105 (1766).
§ L.ocop. 127, Il L.e. p. 151,
€ Lecons d’Anat. Comp. 2° ed. 1. p. 425 (1535).
## 11, Leboue, **Rech. sur la Morphologie du Carpe cliez les Mammifires,” Arch. de Biologie, publ. par Van
Beneden et Van Bambeke, v. p. 83, pl. iv. fig. 25 (1554).
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constantly after the fourth month *.  Leboueq considers this cartilaginous nodule of the
human fetus the homologue of the ossicle in 7lylobates; hoth ave parts of the
pisiform, the pisiform of human anatomy being, in his opinion, hut the distal epiphysis
of the complete pisiform . 1In a later paper the cartilaginons nodule is homologized
with the os trigonum (tarsi) : “je crois done pouvoir considérer ce nodule et I’os triconun
comme homologues 7, whence it would follow that the ossicle of IHylobates is equally the
homologue of the trigonum.

The ephemeral cartilage of the Iimman embryo has since been discovered in an ossified
condition in a earpus of an adult, and received the name triquetrnm secundarium §.
Both this cartilage in the fectns and the triquetrum secundarium occupy a more radiad
position than the ossicle of the Gibbon, wherefore it would appear that they are not,
after all. the homologues of the latter,and this is proved to he the case by the discovery
by Kohlbriigge of -0 accessory ossicles in the Gibhon. [n three specimens of the three
species Llylobates leuciscus, II. «agilis, and 11, 1lilleri, an ossicle is situated hetween the
styloid process of the nlna, the pisiform, and the ulnare. It rests on the processus
styloideus and articulates with it and the ulnare. The pisiform joins the carpus
at the point of junection hetween the ossicle and the wlnare.  Kohlbriigee recalls the
deseription of Daubenton, in whose honour the ossicle is named (ossécutum Danbentonii);
and he adds that Camper had scen it in the Znuus||. In the cavpus of a Hylobates
syndaciylus the following condition is described :—¢ Situated between the radins and the
ulnare is an ossicle. which is joined to the radius and to the ossiculum Daubentonii by a
fibrous ligament; between both is ecartilaginons tissue.” The ossicle which, to all
appearance, is that deseribed by Camper in the Mandrill—and which lias hence received
the name ossicnlwin Camperii—was present in hoth hands of the Gibbon ; in the left
manus the ossicnlum Daubentonii was redueed to a small osscous nncleus 9. From its
position, the ossiculum Camperii corresponds to the cartilaginous nodule discovered by
Leboueq in the human fwtus, and is thercfore the homologue of the triquetram
secundarium (triangularve) of Man **. There can be no doubt that the ossiculum
Daubentonii is the element which Leboueq has descrihed in an adult /. leuciscus, since
they occupy the same position. In Leboucq’s figure—dorsal aspect of the carpus—the
pisiform (p.) has been removed hackward, in order to bring it into evidence f.

* Op.ett. p. 81, pl. iil. fie. 17, T Op. cit. p. S8,

+ 1I. Tehoueq. ¢ Sur la Morphologie du carpe et du tarse,” Anat. Anz. i. p. 20 (1856),

§ Dfitzner, “ Bemerkungen zum Anfbaun des menschl. Carpus,” Verh. Anat, Ges, 7. Vers. in Gottingen 1393
(Ergiinzungsheft Anat. Anz. viii. p. 101 (1593).—See also Morph. Arb, iv. p. 508 (1805).

iI 7. 1I. F. Kohlbriigge, ** Versuch ciner Anatomic d. Genus Hylobates™ (M, Weber, Zool. Ergebn. einer Reise in
Niederliindiseh Ost-Indien, i. pp. 33%, 334, pl. xvii. fig. ¥ (1500 91).

€ (p. cit. p. 339, pl. xvii. fig. 10,

#* The ossiculum Camperii (triguetrum secundarium, triangulare) or. as Thilenius terms it, os intermedium ante-
brachii, has been found in Homo, FFulobates, and Inuus, as mentioned in the text, and, by Ifitzner. in a carpus of
Phascolomys.  Plitzner’s specimen is figured and described by Thilenius (Morph. Arb. v, p. 4, pl.i. fig. 12 (1865)).
1 find what 1 take to be the same bone in Lemurs, Insectivora, and Rodentia, whercon more will be said in ancther
place. (See P, Z. 8. London, 1899, pp. 425-437.)

11 Op. cit. p. 101 (explan, of fig. 28).
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Leboneq's view that the human pisiform is the homologue of the mammalian pisiform
minns the ossicle he figures in the Gibbon receives confirmation by a discovery of Pfitzner’s
in the human adult carpus. He found in five cases a proximal process of the pisiform *.
To this * pisiforme secundarivn” would correspond the *¢ ulnare antebrachii” of Thilenius,
met with in ten manus of five embryos, where it is situated volad and ulnad of the proc.
styl. ulnze, and proximally from the pisiform 4. Both German anthors take this element
to belong to the sane category as the os Camperil, viz. to be a carpal of a “ preproximal
series.”  We have, however, seen that Leboucq shows that the os Daubentonii, which in
Hylobates is not nunfrequently an independent ossicle, is contained in the mammalian
pisiform.  For my part, [ see no stringent reason to assign this os Daubentonii to a
““ preproximal ”’ series ; from its position I consider 1t to be the first, proximal, carpale of
the fifth ray, and it might therefore appropriately be designated as V. 1; it corresponds to
the 1.1 on the radial side, the radiale mavginale, which in Lichidie actually articulates with
the radins (Owen).  In Reptilia, especially in Emydidwe, we frequently find an ossicle or
a cartilage occupying the position of a V. 1. Its absence m the Urodela is casily explained
by the reduction of the ulnar part of the urodele carpus,even the fifth digit being lost.
The veduetion of the ulna and the ulnad extension of the ulnare may account for its
being, in Mammalia, generally situated on the volar face.

What, then, is the distal part of the mammalian pisiform ?  One might suggest, as the
easiest expedient for getting rid of this embarrassing element, that it is V. 2, viz. the
second carpal of the fifth ray.

But, besides there being, as we shall see herealter, another competitor for this distinetion,
there is not the slichtest evidence of the distal pisiform having at any time ocenpied a
similar position.  On the other hand, it shows evidence of a former greater complexity.
In most, if not in all Mammalia, except Man aund the Anthropoids, the pisiform is
provided with a distal epiphysis; and in some there is more than that.  In the Rodent
Bathyergus marilimus, as described by Von Bardeleben, <. .. the pricpollex and the
postminimus are both very well developed.  The latter consists of two bones, of which
the proximal (pé p.) is the true pisiform, and measures 5 millim, in length, while the
distal is 7-5 millini. in length.  We must therefore in the future distinguish a proximal
from a distal ¢ pisiform,” and I regard the former as, in all probability, the carpal, and
the latter as the metacarpal segment of the postminimus ™ I

Two skeletons of Bathyergus marilimus are in the Natural IHistory Munseum, neither
ol them quite adult. In the older one, which is the original of Von Bardeleben's figure 3,
the distal part of the pisiform is incompletely ossified, as shown in the figure; it is still
completely cartitaginous in the younger specimen. A similar, more or less ossified distal

# Morph. Arb. iv. p. 308 (1895). = Dieser Fortsatz war (in vier Fillen) proximal, und zugleich eher etwas
dorsal als volar gerichtet. Seine plane Fliche stellt eine continuierliche Fortsetzung der Gelenkfliche des
Hauptstiicks dar ; im Ubrigen war der Fortsatz ringsherum durch eine tiefe Einzichung abgesetzt.”

Morph, Avh. v. po 470 (1590),

« On the Preepollex and Praehallux, with observations on the Carpus of Theriodcsnus phylurchus,” P'roe. Zool.
Soc. London, 1389, p. 260, pl. xxx. tig. 3, pip., pid.; id. Verh. Anat. Ges. Ste Vers. Beriin (Erginzungsheft) Anat.
Anz. iv. p. 108 (1554).

G
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pisiform T find in the hystricine Clenomys and in Mus, and it will probably be met with
in many other fossorial and climbing Rodents.

What seems to be a remarkable adaptation of the distal pisiform to a special function
is exhibited hy the strong cartilage, which in Zferomys is prolonged to support the
lateral membrane serving as a pavachute.  Thilenius makes of it an element of an
antebrachial series, his “ ulnare antelhrachii ™ * ; but he is misled hy Owen’s much reduced
figure of the skeleton of a ¢ Pleromys colucella” ¢, in which the detached cartilage has
heen drawn proximally to the pisiform and separated from it by a small interspace.
The true eonnection of this eartilage was alveady known to Buffon I, 1le described it as
a bone ; but in the only skeleton (’teromys maguificus) at the Natuval IMistory Museum
in which this element is preserved it is pertectly cartilaginons, and as such it is described
by Owen in Scinroplerus volucella §.  In Pleromys maguificos it is chiefly attached to the
distal end of the pisiform, and. by a much smaller process, to the tuberosity of the fifth
metacarpal.  Its dircetion is in the heginning right backward, in the prolongation of the
long axis of the osseous pisiform ; but gradually it turns upward, forming in its entirety
a semicirele. 1t might be maintained that the patagial cartilage of Scinropterini is in
origin quite extrancous to the pisiform, and that it has ouly secondarily hecome supported
by this widely projecting bone.  With the scanty material at my disposal, I am not in a
position to follow up the matter closer, nor is this the place to do so. A clue might be
obtained from young specimens of //lercinys; and if they should show both the nsual
pisiform epiphysis and the patagial cartilage, they would support the view of an extraneous
origin of the latter,

The lengthened subeylindrical hone which in the insectivovre Chrysochloris extends
from the carpus to the humerus, = simulating a third antebrachial bone,” was considered.
by Meckel ||, followed by Carns @, Peters % tiebel 41, and Dobson $§ as an ossification of
a tendon; regarded by the latter three as that of the m. tlexor digitornm profundus.
| Gervais €9 and Owen **% homologize this houne with the pisiform.

Cuvier§y, -\, Wagner |

# Morph. Arb. (Schwalbe) v. p. 508 (1R05).
T+ Anatomy of Vertebrates.” il. p. 355, fig. 14 (1x66),

i1 y a de plus dans le polatouche un os (AN) long de 5 lignes, en fonme daréte ou d’éperon. qui tient au
quatri¢me os dn premier rang du carpe. et qui s'étend obliquenment en arriére ot en haut le long du bord de la
membrane qui forme les ailes de cet animal,”™  (IHist. Nat. gén, et partie. xo p. L1380 pl xxiy, 1763))

§ Lo

| System d. vergl. Anat. i1, (2) p. 374 (1525).  He calls the element * ¢in vom Streckknorren des Oheravmmbeins
zum Speichenende [it is, however, on the ulnar side] der landwnrzel gehendes, starkes, verknochertes Band.”

& « .. ein dritter Knochen des Untergliedes, weleher jedoch nur als cine verknocherte Sehme, oder vielmehr ganz
verknicherter Muskel (flewor carpi wliaris), anzuschen ist.”—C. G, Carus, Erkinterungstafeln zur vergleichenden
Anatomie. i1, p. 31, Taf. 9. fig. 19, 57 (1527),

## AW, Peters, Naturw. Reise nach Mossambique, Zoologie, 1. p. 72 (1532).
+t Gicbel, in Bronn's Klassen u. Ordnungen, vi., v. p. 5534 (1879),
I3 (. L. Dobson, * A Monograph of the Inseetivoran.” p. 121 (15=2),
§§ G. Cuvier, Lecons d'Anat. Comp. 2° éd. 1.op. 426 (1S35).
Schreber's * Sangthicre,” Suppl. 1. p. 120 (1541).
€& P Gervais, Hist. Nat. des Mammiféres, 1. 252 (1854).
% R, Owen, * On the Anatomy of Vertebrates, 1. p. 392 (I8686),
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From the deseription given by Dobson, it becomes quite evident that from the distal
end of this bone there arise tendons for the fonr digits, so that we have here a bone
funetioning as the common tendon of the flexor digit. prof.  From this. however, it does
not necessarily follow that it is an ossified tendon.  (The pisiform of Man is imbedded
in the tendon of the m. ulnaris internus ; but scarcely any anatomist will to-day
persist in counsidering it to be a tenontogenons sesamoid. It has been degraded to
play the part of a “sesamoid ” *, and that only in Man and some of the Anthropo-
morpha.)

Dobson has figured the volar aspect of the earpus ol a Chrysochloris Trevelyanit, in
which the alleged ossification of the m. flexor prof. tendon has been removed.  Here we
see. ulnad from the linar, the flattened face of a bone (ws.), which is not referred to in
the text; in the explanation of pl. xiil. fig. 5 it is termed the “nlnar sesamoid.”  Carus 3
has seen and described this ossicle, and so have D'Alton sen. & jun. §  The first-named
states that the < ossified tendon ” starts (¢ ausgeht 7) from it ; both Carus and the D Altons
call it a pisiform ( Erbsenbein™); but, so far as I am aware, later anthors, with
the exeeption of Dolson, have overlooked it.

In a skeleton of Clrysocktoris vurea, this so-called sesamoid articulates dorsad with
the ninare, dorsad and radiad with the lunar, proximally with the nlna, volad and distally
with the “flexor dig. prof. ossification.”  The latter shows at the dorsal side of its distal
hase two facets, the larger ulnad one for the “ ulimr sesamoid,” the smaller radiad for a
volar and distal projeetion of the Tunar.

I take this “ nlnar sesamoid ™ to be the ossiculum Daubentonii, viz. the basal part of
the pisiform; but, owing to the distorted condition of the Cliysociloris carpus—
the lunar articulates with both radius and unlna—and from my insullicient material,
which consists in a single skeleten of one ol the smallest species, T eannot state my ease
with greater certainty.  If my view is correct, then the ““tendon ossification ™ is in all
likelihood the homologue of the distal part of the pisiform of other Mammalia, where it
very often starts backward at right angles from the long axis of the limb, sometimes,
as in Hylobales ||, directly downward, and sometimes move or less upward, viz. in
a proximal direction (Za/pe).  Which is the primitive dgirection I cannot tor the present
deeide.  The Chrysochiloridee vary so much from one species to the other that Cope
has divided them into three genera ¥ ; and we may hope that it will be possible to settle
the question of the homology of this curious hone when the skeletons of these diffevent
forms shall have become available for comparison.

It appears to me that the distal part of the pisiform will prove to be a renmant of a
lateral ray, which only scecondarily entered into conneetion with the ulnare and the nlna.
Of this luteral ray the other accessory distal clements of Bathyergus, Clewomys, Mus, and

# = Das Pisiforme spielt . . . dic Rolie eines in der Sehne des Muskels ( flecor carpi iliaris) befindlichen Sesam-
beins,” Gegenbaur, Lehrbuch d. Anatomie des Menschen, Gte Autl i p. 422 (1595).
+ + A Monograph of the lnsectivora,” pl. xiii. fig. 5 (1832). I L.ec.
§ L. D'Abton d. Ac. und E. D*Alton d. J.. - Die Skelete der Chivopteren und Insectivoren,” p. 22 (1851).
Kohlbrugge, 7. c. fig. 10,
€ ¢ American Naturalist,” xxvi. p. 126, footnote 1 (1592),
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even the cartilage of Sciwropterini, possibly were parts.  There is not the slightest
evidence that the lateval ray has ever been a digit of the manns of the Tetrapoda.

Carpale 5 (V. 3).

The question whether there is some ground for assnming a cenfral carpale (V. 2) in
the fifth ray is closely commected with the present subjeet, so that it will be dealt with
m this place.

[ have known for a long time a comparatively large facet on the proximal ulnar
side of Metac. Voin two species of the fossil Prolagus, P. ocuingensis (Kon.), and
P. sardus (Wagn.) (PL 3g, fig. 19, #), for whieh 1 could not account, the metaeavpals of
Lepus, swhich were at my disposal at the time, showing nothing of the kind.  This same
facet I have of late fonud to be present in Lagomys (L. rufescens), wherve it avticulates
with a small ossiele, which also presents a facet to the nlnarve (PL.38. tig. &, ¢). The
ossicle is likewise present and has the same eonncetions in Sylrilagus brasilionsis (text-
figures XXINX & XXX, 8. sp. from Bogota (PL 38, tigs. 1, 2, ¢), and Oryclolagus crassi-
caudatus (text-licures XXNXITT & XXXIV).  In two other species (Nesolagus Netscheri
and Caprolagus hispidus) the facets are visible, but the ossicle has heen lost.

What is the ossicle in question ?

As is well known, Gegenbaur was the first to express the opinion that the mammalian
hamatim is a compound of carpalia L and 5, on the ground that i lower forms we tind
the fourth and fifth digits provided cach with a separate carpale #. Leboueq sees in the
mammalian hamatum the homologue ot carpale fonly. - Le carpien £45 de Gegenbaur
ne correspond exaetement dans les premiers stades de développement quaun métaearpien
IV seul; le métacarpien Voest plaeé latéralement par rapport @ ce carpien.  Le carpien
445 se sépare de I'axe an nivean de Tintermdédiaive ; quant an VO métaearpien, tout faif
supposcr que son rapport avee le dernier os de Ia rangée distale est secondaive chez les
mammiferes ; primitivement ¢’est torjours avee le [VC métacarpien seul que ce carpien
On ne voit a aucun stade de développement ce carpien formé de

est en eontmuité.
Ol serait alovs le

deux parties, o présentant le moindre vestige de sa donble origine.
carpien 57 En examinant les premievs stades de développement, non-seulement chez
homme, mais ehez les divers mammiferes gue fat pu étadier, on voit gne le métaearpien
V est placé en face de Pos eubital, mais séparé de Ini par un interstice plus greand que
celui qui sépare les aufres métacavpiens de lewr earpien correspondant.  On peut
admettre que ¢est an nivean de cet espace que doit se trouver le carpien

déterminer ce qui doit veprésenter ce carpien, on peut admettre son absence conmplete,

o, Quant a

ou bien le considérer comme non ditférenetd, et countenu virtuellenmient dans un des
¢léments squelettiques du voisinage @ soit T'os cubital, soit le métacarpien V.o Lhypothese
la plus probable serait de considérer le carpien 5 comme ne s’¢tant pas différencié a
I'extrémité proximale du métacarpien V7 1.

# Untersuchungen z. vergl. Anatomic d. Wirbelthiere, 3. pp. 45, 53, 121 (1864).

+ ¢« Reeh. sur la Morphologie du Curpe chez les Muwmmitéres,” Arch. de Biologie, publ. par E. van Beneden et

Ch. vau Bambeke, pp. 92, 93 (1884),
6Y*
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In the following vear Turner described and fignred five distinet distal carpal hones in
a Whale. After having meationed that in Hesoplodow bidens ¢ carpalia 445 formed a
single hone . . . . which was grooved on its dorsal surface opposite the interval between
metacavpals IV and V,” he proceeds to deseribe the carpus of an adult Hyperoodon
rostralus. < The distal carpalia are five distinet bones, not so regularly faceted as those in
the proximal row, and with a larger proportion of cartilage between them.  These hones
pass from the radial to the ulnar border in regular order, as C1 to €5, and cach is
associated with the metacarpal bone of its corvesponding digit. A similar arrangement
exists in both limbs, and the carpus possesses also an elongated pisiform cartilage, which
in one is partially ossilied ” *.

Von Bardeleben had previously made the following statement :—¢ Deutliche Anzeichen
einer fritheren Trennung in zwei Elemente zeigt das Hamatwm bei den Beutelthieren,
weniger auffallend bei den Nagern, sowie heir Ziphius (IHyperoodor).  In zwei Stiicke
aetrennt, aber, anf der einen Seite wenigstens, schon im Verwachsen begriflen, st es an
dem Skelete eines jungen Baren in Berlin.” +.

To these assertions Baur veplied that he had never in any mammalian embryo observed
the hamatium to be the outcome of a fusion of two elements, and he adds :—* Wenn es
bei idlteven Thieren den Anschein hat, als wire eine Theilung vorhanden, so ist dies eben
etwas sccundives und st morphologisch nieht verwendbar 3. In his latest utterances
on the subject §, Von Bardeleben mentions only the sepavation of the hamatum in
“ Ziphius (Ilyperoodon),” thus tacitly withdrawing the statements regarding other
Mammalia, made at the meeting of the Jenaisehe Gesellsebaft of May 15, 1885, above
quoted, as well as in a subsequent meeting of Oetober 30 .

The manus of the Jena specimen of Ziphins carirostris, to which Von Bardelehen
refers, has been deseribed and figured by Kiikenthal. 1t contains altogether three distal
carpalia : the one resting on Metae. IV and V shows on its dorsal surface a delicate
furrow, ** cine zarte Furclhie als Andeutung ciner fritheren Treunung zweier Carpalia ” 9.
This is what Von Bardeleben, in his  Referat,” calls having found in Ziphins  cine
natiivliche Zerlegung des ¢ Hamatum* in das Carpale IV und Carpale V7 ** and further

on: “Dass Ref im Mai 1885 die primitive (vieHeiehit sccundiire—jedenfalls dem
Verhalten bei Urodelen entsprechende) Trennung des ¢ Hamatum ™ oder Carpale (45
(Gegenbaur) in Cavpale +und Carvpale 5 hei Ziphius cavérostris aufland (an der 1Tand des
Jenaer Exemplars).” +1.

In his subsequently-published researches, Kiitkenthal deseribes fresh faets and suns
up those previously recovded 3. In embryos of Beluya and Mowodon there sometimes

*

- Journ. Anat. Physiol. xil. pp. 150, 183 (1556).
Jenaische Zeitschr. f. Naturw. xix. (xil.), Suppl. il p. 57, Sitzung am 15, Mai 1585,

Zool. Anz. 1885, po 457,

~+

D7 e

Proc. Zool. Soe. London, 1894, p. 3755 ¢ Haud und Fass,™ Verh. d. Anat. Ges. viii. pp. 263, 301 (1594).
Jen. Zeitsehr, xix, (xii.), Suppl. iii. Rep.~Abdr. p. 75 (1855).

Denkschr. d. med.-naturw. (fes. zu Jena, il pp. 35, 46, pl. . fig. 18 (1859).  See also K. Rosenberg, op. cit.
2 footnote 4 ; Kukenthal, in Morph. Jahrb. xiv. p. 56 (150:3).

# Op. cit. p. 263, Tt Op. et p. 301,
++ Denkschr. med.-naturw. Ges. Jena, iii. pp. 265-250 (1593),

1




1FOSSIL AND RECENT LAGOMORPHA, 501

ocenr five carpalia.  An additional instance of five carpalia in an adnlt Zyperoodon is
adduced from a specimen in the Royal College of Surgeons* ) and two examples in
embryos of the same genus §. The reduetion in the number of carpalia is explained by
fusion or vanishing (*“Schwund ) ;5 the fusion is bronght about in two different wayvs:—
“Bei den Ziphioiden verschmilzt das Carpale distale 5 mit dem C. dist. {, es kommt also
zur Bildung eines Hamatums: bei den Delpliniden versehmilzt das Carpale distale 5 mit
dem Ulnare, oder aber es kommt fiberhaupt zu einem voélligen Schwunde des ersteren,
und seine Stelle wird vom Ulnare eingenommen.”  Transitions hetween both types of
reduction ocenr i Beluga and Jonodon.

Tn an embwyo of Emys lutaria, of S mm. length, Rosenberg found in the place of
one hamatum two completely-separated cartilages.  ** Der mehr ulnar gelegene ist etwas
kleiner und steht ausser mit dem Ulnare nnd seinem radialwirts gelegenen Nachbar-
clement nur mit dem Mete. IV in Bezichung.  Derandere der in Rede stehenden Knorpel
triigt das Mete. 1V in seinem dorsalen Absclmitt wird er aueh von dem Mete, TII
heriihrt, welchem iibrigens sein eigenes Carpale zukommt.  Es ist kein Zweifel, dass
diese beiden ovoiden Knorpel die zu postnlirenden Carpale t und Carpale 5 sind, die in
typisechem Verhalten zu ihren Metacarpalien vorliegen . . . es stellen daher das Carpale 4
und Carpale 5 in diesem Stadium volkommen selbstindige Elemente dar.”  In three
larger embryos (10 mn.) the same investigator observed three stages of fusion of the
carpalia in question. He considers that this vesult supports Gegenbawr’s view  with
regard to the hamatum of Mammalia £

Ptitzner has given the name Os [esalicnnm to an ossicle in the hhnman carpus, first
described by Vesalins, who considered it to be a sesamoid. 1t is situated on the ulnar
side of the hamatum, and its distal facet touches the tuberosity of the fifth metacarpal §.
Later on, e mentions two other cases in Man, one found by Gruber || and a third
by himself . In Vesalius’ case, theossicle articulated apparently with the hamatum and
Metae. V. 1In Gruber's case “Dbecann es vom Hamatum abzuwandern und sich dem
Met. Voenger anzuschliessen, mit dem es wahrscheinlich schon  coaleseierte.”  1In
Ptitzner’s own case finally, the ossicle had no more connection with the hamatum, and
had wndergone a synostosis with the JMetac. V.o Plitzner continues: = Als weitere
Yiickbildungsstufen haben wir wobl anzunelimen, dass es vom Met. V ginzlich assimilirt
wird und in dessen Tubevositas anfyeht,” a view which is confirmed by whai Thilenius,
who terms this element “(‘ﬂ]‘l‘)()—lll(‘t,zl(‘:l1‘1)21‘1(‘ S,” has found in the Inunan cmbryo *%,
Pfitzner is of opinion ** dass in gewissem Ninne das Os Vesalianum, namentlieh in seiner
wrspriinglichen Lage, einem  hypothetischen Carpale Vozu entsprechen  vermochte.”
Like their predecessors, neither Plitzner nor Thilenins have met in the human carpus
with a division of the hamatum into a carpale 4 and 5, in Gegenbauy’s sense.

Plitzner’s os vesalianum earpi occupies about the same position as the ossicle in

= Ihid, p. 275, text-fig. 11. T Ihid. text-figs. 12) 13,

+ Morph. Jahrb. xviil. pp. S, 9 (1592).

§ Morph. Arb. i. p. 756 (1592).

Il Arch. f. Anat. Phys. pp. 499, 500, Taf, xii. (1570).

€ Morph. Arb. iv. pp. 543, 544 (1595). #5 Ih, v. pp. 453, 439 (1596).
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Lagomyidie and Leporidic mentioned above. 1 am not aware that it has ever
been recorded before in lagomorphous Rodentia: while it seems quite a conmumon
element in Mammalia provided with a well-developed fifth digit, at any rate in
Rodentia, Insectivora, and Edentata, and was known to the older anatomists. Cuvier
mentions it in the Great Armadillo (/Priodon yiganteus), and deseribes and figures it
as sitnated laterad of the ulnare and articulating with the Metac. V *. In the figure
published by Flower f, it would appear to articulate with the ulnare as well.  As to its
presence in Rodentia, Cuvier remarks: ¢ Eufin il ¥ a tres souvent aussi au bord externe
du carpe, en dehors du eunéiforme et de I'ineiforme, un os surnuméraive, petit et lenti-
culaive ; on le voit dans le castor, le pore-épic™ $. It is figured in a carpus of the
cain made of this “os

Custor §.  In the ¢ Lecons dAnatomie coniparée,” mention is ag
surnmmdéraive 7 n the Hystrie: .00l y o un os surnuméraive entre le pisiforme et
I'os métacarpien du cinquicme doigt ; il est attaché sur Fos erochn ™ ||.

Thilenins @, quoting Cuvier's figure of the Castor carpus, is inclined to consider this
ossicle as his (Thilenius’s) “ ulnare externum “=the nlnar part of Pfitzner’s triquetrum
bipartitum of the adult, found in the human embryo **. Ile adds, however : © Infoige
dev radialen Verschiebung des Cavpale (445) erreicht es indessen auch das Metae. V.7
The question is whether, when an os vesalianwm s present, the hamatum is really
displaced, or is not rather in its original position; only secondarily either supplanting
the vesahanuni, or acting in a compensatory manner for it, when the latter is either
displaced or has disappeared.  When comparing Thilenius's figures 11 and 12 of this
“nlnare externum ™ 7 with figures 13 and 14 L3, vepresenting a later stage, the impression
is conveyed that in the latter this ulnare externum (#e) has bheen displaced proximally
by the nlnad extension of the hamatwn. .\ secondavy procimal displacement of a carpal
(or tavsal) wonld, however, be quite unusual, and Thilenins has expressed some doubt §§
whether the figures mentioned all represent the same bone.  In fig. 11, wherve «e abuts
upon Metac. V. the former clement wicht he Phitzner’s vesalianuim (carpo-metacarpale S,
Thilenius).  The text-ficure NNXNIV of the present paper seems to exelude the
possibility, ventilated by Thilenius || [, that ** vesahanum ™ and *“ulnare externwm ”—
which have not yet Leen found together in the same manus of Man—might represent
once and the same boue.  The enormons ulnad and volad expansion of the ulnare,
as shown for the Lagomorpha in this figwre (NXX1V)—which ocenrs in other Mamnials
also—leads to the assmmption of its being a compound of an ulnare4ulnave exteromum
Thilen. The “ulnare externum ™ (=uluar part of wiquetruin bipartitwn Plitzn.) would
then be the second (eentral) carpale of the tifth vay (V. 2).

Mecekel has deseribed the os vesalianum in Zrinacens :—* Der Igel hat in der obern,
weit breitern Ordnung cier Knoclien.  Kahn- und Mondbein sind zwar verwachsen,

# Oss. foss, v. 1, p. 127 (1523).
+ ¢ An luntroduction to the Usteology of Mammalia,” 3rd ed. fig. 110 © «,” p. 307 (15585).
T Uss. foss, v. 1, p. 43 (1823). § 0. pl. 1. fig. 10,
|| Lecons d'Anat. comp. 2de ¢d. 1. p. 427 (1835).
€ Morph. Arb. (Schwalbe), v. pp. 508, 509 (1596).
*% Morph. Arb. v, pp. 473, 474 (15906).
1 Morph. Arb. v. pl. xx1 (1596). 15 10 §§ 1, pp. 459, 508, | 10, p. 459,
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allein das grosse dreieckige Bein triigt anssen und vorn einen kleinen, runden Knochen
cingelenkt, den man ein zweites Brhsenbein nennen kann.  Von den vier vordern
ist das Tlakenbein weit kleiner als gewdhnlich, nnd das dreieckige stosst daher aunssen
betriichtlich weit an den fiinften Mittelhandknochen ™ ¥,

Owen mentions the same ossicle in the Hedgehog, but move distally :—“ .\ sesamoid is
attached to the outside of the base of the metacarpal of the digitus minimus 7 . In
a left cavrpus of Erinacens europaus lying hefore me, the ossicle articulates with hoth
the ulnare and Metac. V, the facet for the latter being smaller and, as in Préiodon,
sitnated nlnad from the nlnave.  The same hone is mentioned in Gymnunra hy Dobson .

Referring to this ossiele, Leboueq says :— Ce qu’on appelle 2¢ pisiforme, existant chez
quelqnues mammiferes (héeisson, fatou, ete.), n'est quiun sésamoide développé dans le
tendon de Vextenseur cubital du carpe " . It may be a matter of surprise that, in the
same chapter in which Leboueq insists with strong arguments that the pisiform cannot
he classed among “les os sésamoides,” he casts aside with a few passing words this
equally important bone.  The explanation is to be found in the words * chez quelques

3

mammifores:” the author being evidently not sutliciently acquainted with the “os
vesalianum.”

Having placed the facts hefore the reader, 1 have now to sum up. All the attempts
(Leboneq, Boaur, Rosenberg, Ptitzner, Thilenins) to trace ontogenctically  the  pre-
sumed fusion of carpalia 4 and 5 to form the < bamatum 7 have contessedly failed.
(Glegenbaur explains this negative rvesult by supposing that the Mammalia inherited
the “hamatum.” from lower Vertebrates. This leads him to the assumption that the
oceasional oecurrence of two separate carpalin (L and 5) among Cetacea is secondavy ;
the more so as we find other very considerable changes in the manns of these
anhmals |.

To this argument might be opposed the daily inercasing number of instances
brought forward in which we see primitive characters occurring precisely in those
species, or in those organs, which in other respects are highly diflerentiated (specialized),
the preservation of old chavacters being obviously due to the specialization of others.
This by no means new trath was, it Tam not mistalen, fiest enineiated by 1aeckel.

In support of the foregoing, 1 wish to vefer to a very noteworthy remark by Gegenbane
himself.  Tn defence of certain conelusions avvived at in his well-known ¢ Gliedmaassen-
skelet der Enaliosanrier ” ], he states that in Sauropterygia and Lehthyopterygia the

* Wystem d. vergh. Anat. i1, 2, pp. 393, 204 (1825), T ¢ Anatomy of Vertebrates,” il p. 300 (1866),

+ ¢ A Monograph of the Tnsectivora,” p. 21 (1582). § Arch. de Biologie, v. p. S (1584,

l “ Die Einheitlichkeit des Hamaiwm der Siangethiere st von wmir als ein auf dem Wege der Phylogenese
erworbener Befund erklut worden, da in uiederen Abtheilungen der vierte und finfte Finger je cin diseretes
Carpalstiick besitzen.  Da jener Erwerb durch Conereseenz bald auf die Riugethiero uberging, machte ich bezweifeln,
dass im Carpus der Cetaceen der niedere Zustand noch zu erweisen ist, selbst wenn auch unter den vielerlel dort
bestehenden Betunden ein Carpale 4 und ein Carpale 5 sich darstelle.  Denn die tibrizen Veranderungen sind in
dicsem Tlandabsehnitte zu bedeutend, als dass cin scenndir crfolgtes Zustandekommen eines dem urspriinglichen
dhnlichen Verhaltens zweier distaler Carpalia ausgeschlossen wiire.” (U Gegenbaur, Vergl. Anat. der Wirbelthiere,
op. 542, 1508,

& Jen. Zeitsehr. v, (1570).
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adaptation to a new funetion does not in any way explain the typical features of their
Limbs. < Where we meet wilh similar adaptalions, the original condition has never been
completely effuced ™ (italics mine) *,

The undivided condition of the **hamatum’ in terrestrial Mammalia ean now be
explained in a very simple and obvious manner, since by means of the * os vesalianum
we are enabled fo show that the prescnee of a separvate earpale 5 is not in the least
limited to af ew cases among Cetacea, hut is a frequent ocewivence in other Mammalia
likewise, a circumstanee whieh has hitherto either been wrongly interpreted or entirely
overlooked. The © hamatum ™ of Mammalia is not carpale L+35 of Reptilia, but it is a
carpale 4 whieh, as a rule, has hecome enlarged, and has, in addition to its own funetions,
usurped those of carpale 5. Whether a uswwepation is in ervery instance to be assumed
is another guestion, which canuot be entered into here; it may, for the present, be
sutficient to repeat that the superadded function of carpale I may often be not the
cause but the consequence of the degradation of earpale 5.

Wlhere earpale 5 is absent in the terrestrial Mammalia, it has, so far as my experienee
goes, cither disappeared by atrophy, or hecone absorbed by the tuberosity of Metae. V,
as in Man.  Finally, therefore, sinee the lusion of carpale 5 with carpale 4 lias never
been observed in these, its occurrence may be peculiar to the Cetacea.

ReMaArKs oN tE METATARSCS AND Tarsvs o LacodMorraous RODENTIA.

1. Metatarsale U aid Tursale 1. —IKrause states + that in adult Rabbits the os tarsale 1
becomes fused with the os Metatarsi [, and for this he refers to his text-figure 61 B.
Ile continues as follows:—= In new-horn animals, however (fig. 6l a), the {ibial
prominence ol the proximal extremity ot Metat. 1 is independent, and consists of an os
tarsale and a lengthened distally-pointed bone, representing a vadiment of the hallux,
at the distal end of whieh there is inserted the tendon of the in. tibialis antiens. In
reality, therefore, the ox tarsale 1 of the Rabbit is the ot. 2 of Man, and the os
Metatarsi I of the Rabbit represents the os tarsale 1, the hallux and os Metat. 1T of
Man.”  So far as the fig. 6L A, “hovizontal scetion of right hallux of a 12-days-old
Rabbit.” goes, this is correct, assuming that the two outline-figures of the tarsalia
(1 and 2) are meant to show them in a cartiliginons condition.  But the letiering of
fig. 64 B, *“right os Metat. 17 (ineaning Metat, 11 of comparative anatomists) of an adult

®

. muss daran festgehalten werden, dass die Anpassung an cine newe Function keineswegs das Typische der
Gliedmaassentorm zu erklaren vermag., Wo wir solchen Anpassungen begegnen. hat sich der urspriingliche Zustand
nie ganz verwischt. In der Flosse der Balacnen ist das Saugethierarmskelet klar zu erkennen, c¢benso wic bei den
Cheloniern die Schildkrotenextremitiit.  Hier bei den Enaliosauricrn ist auch gar nichts ant Reptilien Beziehbares
am Flossenskelet vorhanden.  Von der schon bei Amphibien vorbandenen Differenzirung von baderlei Gliedmaassen
nicht ¢in Dlasser Schein ! Es miisste also an der Glicdmansse cin Rickgang bis zu den ersten Anfingen erfolgt
und von diesen lier cine selbstindige Aushildung eingetreten sein, wenn Beziehungen zum Reptilientypus hier
cinmal an der Gliedmaasse bestanden haben wmogen.  Jedentalls gehoren diese Bildungen nicht n die Rethe der
]:eptiliengliur]mausseu, soudern unter die Anfinge, wie sie denn gerade in dem schon heregten Mangel des Ditferent.
werdens von Vorder- und Iinterextremitit sogar unterhalb der bis jetzt bekannten Reptilien sich stellen, 8o
birgt sich in diesen Tragen ein interessantes 'roblem.™ (Vergl. Anat. der Wirbelthiere, p. 5:31.)

+ W. Krause, Anatomie d. Naninchens, 2% Aufl, p. 132 (1554).
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R Dbbit, from the inedial side, is erroncous. The process I, “place of the real ITallux,”
is the tuberosity of the Metat. 1L; with this tubevosity neither the tarsale 1 nor
the rudiment of the Metat. [ come in contact, and thervefore they cannot form
connection with it.  The proximal process of Metat. 11, numbered 1 (=place [Stelte] of
the real os tarsale primum), represents instead the radimentary Metat. T (see Pl 38.
figs. 5 and 6 1), whicli in young Lepus is distinet, but afterwards becomes fused with
Metat. 11, Tarsale 1 is visible in the young Rabbit in a cartilaginous condition *¥,
but in this species and in a Sylrilagus from Bogota. in hoth of which I have been able
to examine vavions stages, 1 have neither observed an ossification of it, nor a tusion
with the radimentary Metat. I, as assumed by Kranse and by Leche. It gradually
shrinks and apparently is absorbed . It is quite possible that in some species a fusion
may take place as a rule or exceptionally; but I deny it to have been demonstrated in
the Rahbit, in whicl 1t is said to be the rule.  Professor Tlowes informs me that Lie too
has searched m vain for evidence of this.

2. Fusion of Tarsale 2 with elutarsale 11.—A fact hitherto not noticed in
Lagomorpha is the fusion of tarsale 2, the mesocunciforn (e, of my figures) with
Metat. TI. This fusion takes place in Prolagus (Pl 38. figs. 17, 27 «), in Lagomys
(P1. 38. figs. 16, 26 (c.)), and in some Leporide.  In Nesolugus Netscheri (P, 38. fig, 23),
the figured specimen of which is not adult, the fusion is not quite complete ; in the older
speeimen at the Leyden Museum [ saw it was complete. In a specimen of Sylrilugus
brasiliensis from Lagoa Santa, the property of the Copenhagen Musenm, tarsale 2 is
fused in the right limb and distinet in the left; in an incomplete limh of the same
species in the Royal College of Science, London, the fusion is complete.

3. Prwcuneiforme—~—As in the case of the vesaliannm carpi (see pp. 501-3). my
attention was arrested by an accessory bone in Prolagus sardus through a small facet on
the tibial side of the proximal termination of Metat. L1, or vather of Metat. 1, sinee, as
shown betore, this part is oceupied in the young by the rudimentary Metat. T, which later
on becomes tused with Metat. IT (P1.38. tig. 17, pe; fiz. 27 «, facet on the upper left side
of Metat. I1). This is the region which corresponds to the insertion of the muse. tib.
posticus, and therefore the ossicle, indicated by the facet. is the so-called distal prie-
hallux, or Bawr's ¢ klauenartiges Gebilde.”  Winge has denied the existence of this ossicle
in Lepues and Lagomys §, but L have tound it in both families, and, as we shall sce later,
it has been met with as a rare occurrence even in Lepus curopwus.  In Layomys it
artienlates (1. 38. figs. 15, 16, 26 pe) by a smaller facet with the navieular as well,
and lies in the distal continuation ot a much larger ossicle (fig. 26, #7), which articnlates
with the navicular and the astragalus.  The latter is undoubtedly Baw's and Lebouey's
“tibiale 7 (the proximal ossicle of Von Bardeleben’s “ prienallux ™).

I find the smaller, distal, ossicle in the following Leporidee, viz. in Nesologus

* Nee Leche, in Bronn’s Klass. u. Ordn, d. Thierr, vi. v. 25% Licef. pl. xevi. fig. 3 (1555).

T Retterer (Comp.-rend. ot Mém, Noc. Biol. (10) 1. p. 807, 1884) regards the ossicle, which T with others hold to be
a radimentary Metat. [, as tarsale 1, denying all trace of the former.  The presence of a cartilaginous tarsale 1 in young
Rabbits is easy of observation, but presumably it was not yet chondrified in the stages examined by Retterer.

+ II. Winge, * Jordfundune og nulevende Gunavere,” I Museo Lundii, 1. p. 169 (1557).
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Netscheri (Pl 88. fig. 23, pe); in Oryclolagus crassicandatus (fig. 22, pe), where it
secems on its way to undergo a synostosis with Metat. I1; in Caprolugus hispidus
(fig. 2L, pe), where it has shifted its position completely to the volar side of Metat. IL;
in a specimen of Syleilagus brasiliensis, from the Copenhagen Muscum; and lastly in
the Wild Rabbit, where the ossicle is very small and sitnated volad as in C. hispidus.
I owe this specimen to Mr. Sherrin, Artienlator in the Nat. Ilist. Mus., who at my
request dissected some Rabbits’ feet, in scareh of the ossicle in question.

In his careful researches © Ucher den Singetier-Prichallux 7 *; Tornier met with this
ossicle in one case only of all the Rabbits” and Ilares’ feet examined, and great stress is
laid on this isolated cccurrence.  “ Die Lage dieses iiberzihligen Knochelchens beweist
mmwiderleglich, dass es selbst homolog ist demr Knochen welcher bei vielen der hisher
untersuchten Tiere der ¢ 1-Medialseite geweniiber liegt.  Da er an  Hasenfiissen
individuell aunftritt und an jungen Kaninchen- und Hasenfiissen nicht vorhanden ist, so
ist es zweifellos, dass er cine secundire Bildung ist, wnd darans ist mit Sicherheit zu
schliessen, dass er anch bei den Tieren, wo er immer vorkommt, eine secandire Bildung
ist”f, And again: “ Der muse. hallucis abductor-Knochen kommt endlich drittens
zuweilen bet erwachsenen Vertretern soleher Thierarten vor, bei welchen der Knochen
unter normalen Umstiinden weder im Alter noch withrend der Ontogenese vorhanden ist
(Lepus tinidus) {5 bei diesen Individuen ist er—dagegen giebt es keinen Widerspruch—
seenndiir entstanden ”§.  ‘Therefore, as already stated in the first-quoted passage, he
again asserts that the homologous bone in all other Mammals is equally secondary.

Even if the presence of the ossicle in question, as believed by Tornier, were limited to
exceptional cases in one speeies of Lepus, the authors arguments would not be
valid. It is one of the characteristics of these redunced ¢ accessory ™ bones to ossify
very late (Thilenius); and its exceptional appearance in L. curopens could, a prior,
be interpreted quite as well in the sense of a disappearing clement as in Tornier's
sense.  But the presence of this bone as a constant element in Lagomyide and several
Leporide totally changes the aspect of the question.  In the more primitive forms of
Lagomorpha, the ossicle seems always to be present and proclaims itself a redueed
clement by its varying size and position.  In those Leporide—of which L. ewropeus is
the prototype—which are the most specialized for leaping, we must expect it to be of
gnite exceptional occurrenee.

The ossicle has been observed in the ¢ Harve” likewise by Phitzner ||, who calls it the
preecuneiforme.  As to whether this and similar accessory bones are to be cousidered
as “secondary ’ or ‘sesamoids,” Plitzner has shown us the way how to proceed €,
viz. that we cannot base our conclusions on the examination of a simgle speeimmen
or a few species.  The ¢ preeccuneiforme” has been stndied by Pfitzner especially

(. Tornier, * Ueber den Singetier-Prichallux.  Ein dritter Beitrag zur Phylogenese des Saugeticerfusses.”
f, Naturgesch. 1891, pp. 115-204.

Avch.

T Op. it p. 151 I Meaning Lepus curopens, Pall, § Op. eit. p. 196,
Morph. Arb. (Schwalbe) 1. p. 533 (1842) 5 iv. p. 354 (1895).  Prof, Ifitzner has kindiy informed me that the
species is L. enropans, Pall,

€ /], ¢eo; and Morph. Arb. vi. p. 394 (1596).
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in the Carnivora (where it had been seen by Meckel); and of the Polecat alone
he examined seventeen specimens.  1Iis conelusions are summed up in the following
words :—*“ Skelet und Museulatur vartieren unabbiingig von einander, da findet kein
Ineinandergreifen beider Processe statt, hochstens, wnd stets nur in beschriinktem
Maasse, ein gewisses Nebeneinanderherlaufen. ... Muskeln und Muskelansiitze und Skelet
variieren ohne innere INorrvelation, und deshally ist es fie die Deutung cines hestimmten
Skeletstiickes ganz irrelevant, ob ein bestimwter Muskel sich daran ausetzt oder nicht,
Das Preecuneiforme bleiht das Priceuneiforme, ob sich M. tib. anticus oder AL tib.
posticus ganz, theilweise, oder gar nicht daran ansetzt, und fiir die Deutung eines
Skeletstiicks oder selbst seiner Komponenten, also fiir die etwaige Frage, obh andere
Skeletstiicke durch Assimilation mit ihm vereinigt sind, bleibt es ganz ¢leicheiltic und
ohne jede Beweiskraft, welcher Muskel an il inseriert.—Aber aneh mit den Bindemn
steht es micht anders; auch sie varviieren nach Vorkommen wnd Ausbildung olme
ticksicht anf die Skeletstiicke ™ . And Thilenius: “Die Beziehungen, welche die
accessorischen Elemente der chivopteryeialen Wicbelthiere zn Muskeln, Sehuen oder
Béindern besitzen, sind nicht primive Erschicinungen, sondern seeundir wiiliend der
Ontogenese erworben 7 f.

When the * tibiale " is not a separate hone, as in many Rodents. it is considered to he
partof the navieular, the  tuberositas navicularis medialis * (Baur, Leboneq, Emery ).
It does not seem to me to preclude the assmmption of a medial tibiale, which would be a
part or the whole of Emery’s ¢ paracentrale™ §, the first clement of the second vay (11, 1).
If then the tibiale marginale (or externum) is the fivst element of the fivst vay (1,1), the
suggestion lies not far off that, like the distal * prepollex,” the distal * prchatlux ”
(pracenneiforme) is the secoud element (I, 2) of the same ray, but that it has generally
been thrust out of the series.

d.  decessory ossicles” articulating with Metatarsal J77—On Pl 88, fig. 9, [ have
represented the enlarged fignre of a vight Metat. V. from La Grive, ¢ from the dorvsal,
b from the volar side.  This 1s still another instance of a fossil metapodial, presenting
unusual articular facets, for which, for a long time, I was unable to account, for want of
material for eomparison.

The ossicle is much larger than the Metat. V' of Prolagus wiingensis, which other-
wise reseibles it closely, exhibiting the same particulars as do the fifth metatarsals
of Prolagus surdus and L. sardus vav. corsicanns. 1T must leave it undeeided whether the
fignred metatavsal helongs to Titauomys Fontannesi ov to Luyopsis rerus, which, judeged
from other parts of their skeletons, were both of about the same size.

On the volar aspect (4) is seen a large faeet, starting from the proximal end and
running obliquely in the direction of the tuberositas lateralis.  In Leporidee I find in the

# Morph. Arb. vi. p. 394 (1R96).
tabid. v, pp. 544, 543 (1595).
£ (. Emery, ¢ Beitr. z. Entwicklnngsgesch. u. Morph. d. Hand- u. Tussskelets der Marsupialier:™ (Nemon's
¢ Forschungsreisen in Australien,” 1. pp. 394, 395 (1597,
§ C. Bmery, ¢ Die fossilen Reste von _drchegesarnrus und Eriyops und ihre Ledeutung fur die Morphologie des
Glicdmanssenskelets,” Anat. Anz. xiv. pp. 200, 207, figs. 3-7 (1548),
0%
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corresponding part no facet, but instead, either a convex swelling of the region, orin some
eases, on the contrary, a more or less rugose depression.  In Lagomys (L. rufescens and
L. welauostomus) there is the facet in the same place, and articulating with it a
comparatively large orbienlar or triangular ossicle. I think it probable that, in those
Leporidee (Caprolagus hispidus, C. Nelscheri, Sylrvilayus brasiliensis) where the corre-
sponding region of the Metat. V israised to a convex protuberance, the ossicle in question
has become fused with the former bone.

A similar ossicle has been met with by Plitzner in Carnivora, viz. in Ursus aretos and
in Zulra *. 1 find the same ossicle in Cercopithecidwe, in Mus, and, among Insecti-
vora, in  Lrinacens, Gymnura, lyogale, Condylura and Centetidee (Limnogale,
Ovyzorycles, Microgale). In the latier, and in Jlyogale, it is enlarged transversely and
extends also on to the base of Metat. 1V.

Plitzner homologizes the ossicle in Carnivora with a similar one on the fifth metacarpal
of Primates (os hamuli), and regards these and similar occurrences in the third tarsal
ray (os unci, in Felis) as carpalia (or tarsalia) which have become “ abortive,” and have
been sceondarvily displaced towards the volar side.  The question would then arise
whether we have to consider the ossicle of the Metat. Voas pertaining to the fitth or to
the fourth ray; for from its position—and the same remark applies to the “os hamuli "—
on the tibial side of the Metat. V, and sometimes articulating with Metat. 1V also, it may
helong to either.  Tlor the present the gquestion cannot be settled ; but since both tarsal
and carpal elements in question are of apparently widespreaid occurrence, we may hope
to get hetter acquainted with them before long.  In the marsupial Perameles obesula,
Metat. IV and Metat. V have each a separate plantar bone, articulating with their
proximal capitulum .

On the dorsal side of the tuberosity of Metat. V—on the left in tig. 9 #—is seen what
appears to be a facet, partially extending to the volar side also. The same facet is
present in both species of FProlegus. 1t at once recalls to mind what occurs on the
Metae. V ot Prolugus and Lagouys, and some Leporide, where earpale 5 (os vesahannm
carpi) articulates with the tuberosity.

A distinet os vesalinmwun tasi (Pfitzner) is a very rarve occurrence in Man, in whom it
has been seen by Vesalins, Gruber, and Sprouck §. Plitzner never saw it free; when
distinct—one case figured by Vesalius, two deseribed and figured by Gruber, one hy
Spronck—it is situated on the fibular side of the pes, “in the angle between the cuboid
and Metat. V, articulating with both.” .\n epiphysis which may occur on the tuberosity

# Tageblatt der 60, Vers. dentseh. Naturf. und Aerzte in Wiesbaden, p. 251 (1837).—Speaking of the Bear, the
author states that the ossicle oceurs on the pluntar base of Metucarpal Vi from the context it would appear that
this is a misprint for Mectatarsal V- at uny rate, in Latra it is present on both Metacarpal and Metatarsal V, as
stated by the sawe author.

+ Morph. Avb. i pp. 7. 8 (1891) 5 541, 542, 587 (1892) 1 1v. 1. 538-543 (1895).

+ . Emery, = Beitr. z, Entwicklung<gesch. n. Morph. d. Hand- u. Fussskeletts dev Marsupialia” (Semon's
¢ Forschungsreisen in ustralien,” &c., i, p. 381, Taf. xxxv, figs. 45, 46 (1897),

§ Morph. Asb. i pp. 522, 595, 596, 756, To7 (1892); vi. pp. 472475 (1896),
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of the human fifth metatarsal is considered by Pfitzner * as one of the terminal stages
of its assimilation by the latter bone.

I find an epiphysis on the tuberosity of Metat. V in the Rodent generva Gearychus and
Ctenomys. 'The bone itself 1 have never seen independent, but, from what T have stated
above as to the fossil metatarsal, there ean hardly be a doubt that an ossicle articulates with
the tuberosity.  The euboid of Prolagus, of which I have a number of specimens, shows
a facet—absent in Leporidee—on the proximal fibular side; and this, together with the
facet on the tuberosity of Metat. V, suggests the presence in these Lagomyidie of either
one ossicle articulating distad with the Metat. Vand proximad with the cuhoid, or two
ossicles, the proximal of the two articulating with the cuboid, the distal with Metat.
V5 both possibly articulating originally also with each other at their apposed surfaces.
Considering the rather eonsiderable distance which must have occurred between the two
facets, the latter hypothesis—of two hones—scems the more probable.

The presnpposed proximal ossicle would be the homolocue of the ¢ os peroncum ”’
(Ptitzner) of Man ¢ and other Primates, which is the so-called sesamoid in the terminal
tendon of the peroncus longus muscle. 1t has in Man, according to Plitzner, a frequence
of about 8-9°/ jand is situated on the postero-lateral end of the eminentia obliqua euboidei.
“ Hier findet sichi in den Fallen bester Anshildung eine scharf abgesetzte Facette, der eine
gleiche auf dem Peronewm entspricht 7 {. This os peroncum was seen by Daubenton in
Ilylobates : 11y a de plus dans e gibbon un huiticme os placé an eoté externe du tarse,
a Uendroit ol le caleanewm touche auw cuboide” §. In the skeleton of a Ilylobates lar in
the Natural History Museum, there is to be seen an ossicle articulating with the cuboid ;
and it is of quite general ocemrrence among the Cercopithecidie.  Gillette mentions it in
Monkeys szenerally as articulating with the cuboid || Whether the ossicle mentioned
by G. Fischer in the Zursius 1s a vesalianum or a peroncum [ cannot decide for the
preseut. e says: “Auch findet man in den Zorsern noch ein iiberzihliges Beinchen,
rund, linsenformig, doch Linglich, welches cigentlich auf dem letzten Mittelfussknochen
aufsitzt, der sich immer mit seinem Kopfe weit nach hinten zieht €. T sce the “pero-
newmn ” in & minute ossicle in Linnoyale (an aquatic member of the Malagasy Centetidv),
adhering to the tendon of the musc. peronens Jongus, laterally from the cuboid, and 1
believe the reason that it has not been more frequently seen in Mamimals is that the
musele is generally cut away in preparing the skeleton.

A

Morph. Arb. vi. pp. 262, 263, 474 (1896),

Ibid. A, pp. 5530, 531, S04-598, figs, 12, 13 (1892) 5 vi. pp. 456462 (1506),
Ihid. ~i. p. 456,

Suffon-Daubenton, Hist, uat. gén. et partic. xiv. p. 106 (1766),

00

7

| ¢ Chez les singes, I'os sésamoide du péronier latéral est trés-volumineus, puisque, chez des individus de petite
taille, nous l'avous trouveé au moins aussi gros que ecux du ponce de I'homme, constant et ayant la forme d'un trois-
quarts d’ovorde régulier: il posscde une face véritablement articulaire, un pew convexe, ¢t qui répond & une facetteo
¢galement encroutée de cartilage de la partie inféricure du cuboide.” (Journ. de VAnat. ¢t de la Physiologie, viii.
p- 983, 1572

€ Gotthelf Fiseher, ‘Anatomie der Maki,” p. 154 (1504). This ossicle is not mentioned in Burmeister's * Beitrage z.

niih. Kentniss der Gattung Zursius ™ (1546).
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The “peroncum” would then be homodynamous with the ulnare externum Thil.
(wlnar part of Pfitzner’s triguetrnm bipartitum),=V 2; and the vesalianum tarsi with
the vesalianum cavpi,=V 3, or tarsale 5, the cuboid being tarsale .

The cuboid of Mammalia is generally considered to be a compound of tarsale 4+ tarsale
5; but where an os vesalianum, or its traces en the tuberosity of Metat. V, are present
sneh a supposition cannot, however, be admitted.  Emery found in embryos and pouch
specimens of the Marsupial geneva Didelphys, Lpyprymuus, and Phascolarelus separate
tarsalia I and 5 *. TFor the former genus at least he has demonstrated that tarsale 4
and tarsale 5 hecome fused in later stages. This instance of a compound Mammalian
cuboid (tarsale £ and 5) is the only one in the literature which ean be taken seriously ;
but it is quite possible that in other Mammalia too the vesalianum may be assimi-
lated by the cuboid, instead of by Metat. V, as in Man and some Rodentia.

CONCLUDING REMARKS AND SUGGESTIONS AS TO CTLASSIFICATION.

The oldest known lagomorphine genera, 7ilanomys, and Palweolagus, have several im-
portant characters in common: still, the differentiation into Lagomyidee (7%lanoimys) and
Leporidie ( Palewolagus) had alveady taken place. In the mumber of npper molars and in the
shape and composition of the hony palatal hridee, Tilanomys shows itself the precursor of
the recent Lagoinys, Pal@olayus of the vecent Lepus 5 and it is therefore advisable to retain
the two groups as families, although they converge back in time. Moreover, in other
characters—ahsence of supraorhital processes, pattern of the cheek-tecth—Palwolayus
approachies nearer the Lagomyidic than do the more recent Leporidie.  In the gradual
transformation of their cheek-teeth, both groups, as has been amply demonstrated, run
parallel from the Lower Miocene down to recent times.  The Lagowmyidie, as at present
known, start from a more primitive tyvpe than the Leporidie, since in Tétanoumys the
check-teeth have remmants ol roots and the upper ones preserve their original pattern
thronghout life ; whereas in Palwolagis, so far as 1 know, the cheek-teeth are already
rootless, and in old age they lose their original pattern, without, however, developing the
new one. I the transformation of their tooth-pattern the Leporidie eventually go a step
beyond the point at which the Lagomyidie stop, the cheek-teeth of Lepus heing more
completely metamorphosed than those of recent Logomys.  1u this respect, as well as in
the specialization of their limbs for swiftness, correlated with the greater perfection of the
sensc-organs —aud, as a consequence, with cerresponding mioditications of the skull—
the Leporidie are to be considered the more specialized of the two; but there are several
niembers of the Leporidie which, with regard to the two last-mentioned scts of charactes,
and the complete or almost complete absence of the tail, preserve considerable similarity
to the Lagomyidie. By the absence of the upper m. 3, and by some peculiarities of
the cranium, pointed out hy Winge (perforation of the fossa pterygoidea—fusion of the

# Atti Ace. Lincei, Rend. iv. 2, p. 274 (1895) 1 id. in Scmon's ¢ Forschungsreisen in Australien,” &e., il pp. 374,

378, 383 figs. 20, 30, 21, 59 (1897).
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spongiose os tympanicum with the petrosnm), the Lagomyidie are more modernized than
the Leporidee.

1f we take for a guide the gradual metamorphosis of their upper cheek-teeth, the order
of suceession in Lagomyidee is : Titanomys, Prolagns, Lugopsis, Lagomys. — Lagomys is
clearly the offspring of Lagopsis; but Legopsis cannot be descended from Prolugus, the
latter having lost the last lower molar (m. 3), which is present in Lagopsis (and Lagomys).
Lagopsis must have taken its origin from a form with upper cheek-teeth like or nearly
like those of Protagus, but provided with a lower m. 3, a hyvpothetical “ Prolagopsis™
descended from Zélenomys or some closely related form with persistent Tower ni 3. In
Titanomys (1. visenoriensis) there is already the beginning of the tendency to the loss
of this tooth. /rolagus equally descends from a 7%taiomys-like form, and has continued
without much change from the Middle Miocene to the present era, sinee it still lingered
in Corsica at the Neolithie period.

Titanoneys

( /‘/‘(‘:[«r:‘/.;[:sis) Prolugns

Luagopsis

Lagowys

Leporide.—Apart from attemypts to separate the Rabbit as a genus from the rest of the
Leporidie, which have notf, however, met with common assent, the family has pretty
generally heen considered to he composed of one recent genus only, Lepus.  In 1815, Blyth
proposcd a new genus Cuprolagus, for Pearson’s Lepus lispidus *. The appropriateness
of this generic distinetion has leen contested by Ilodgson and by Waterhouse. The
former, omitting to take into consideration the remarkable contiguration of the skull of
the ILispid Have, pointed out, that © In the Timid and Red-tailed Ilares the long ears,
the large eyes, the frame as well suited to extreme speed as the eyes and ears to effective
vigilance, are eextainly in remarkable contrast with the small eyes and ears, heavy frame,
and short equal legs of the Forest Hare : hut all these distinctions, as well as those of
domicile, beeome less and less tangible in the Variahle Hare, the Rabbit, the Tolai and
the Tapiti, in which morcover we have variously reproduced, even to the subordinate
peculiarities of the Indian Forest Ilare, such as its white flesh, its short tail, its
subterranean retreat and ereeping adhesion thereto, so unlike the dashing carcer of the

# . Tlyth, « Description of Caprolugus, a new Genus of Leporine Mammalia: with two plates.” Journ. As. Soc,

Bengal, xiv. i, pp. 247-249 (1845).
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red-tailed and English species ” *. Waterhouse’s objections are to the following effect : —
“Strongly marked . . . as these distinetions are, if the Assam Hare be compared with
the Common Hare, they are less so when that animal is compared with the Indian ITare
(Lepus ruficandatus), and auch less so when it is comparved with the Lepus brachynius
of Japan. This last-mentioned animal has the short ears and tail of the Lepus hispidus,
and the same large molar and ineisor teeth, combined with a powerfully-formed skull,
but in this skull the noteh whieh sets free from the fore part of the snpraorbital process
is not absent, as in Lepus hispidus: it agrees in having the pateh unnsually long, but
differs from the skull of L. kispidus (as it wonld appear from Mr. Blytlh’s figures) in
having the zygomatie arehes straight and parallel as in other Hares; the Assam species
having the zygoma somewhat arclied outward.  'The peenliarvities which T have pointed
ont as distinguishing the lower jaw of the Lepas ruficaudatus from that of the L. timidus
are also fonnd in the lower jaw of L. Zispidus, but here the angular portion has a still
greater transverse diameter ” +.  The result of these criticisis was the withdrawal of
the genus Capirolagus by its author {.

For my part, I am unable to accept these opinions. Some of the remarks ol the
former writers are undoubtedly just, and two of the examples of other Leporine speeies,
addneed by Ilodgson, as vescwmbling the Ilispid Have, are more to the point than
Waterhounse’s comparisons.  But the conclusions I infer from them are very different
from those of these anthors. The external eharvacters and the conformation of the skull
and limbs, in which the Hispid [Tave is distinguished from L. europeus—taking this latter
as the type of the genns Lepus s, str.—are very remarkable.  The ciremstance, which
I shall more fully point out herealter, that therc are other Leporines approaching the
Hispid, simply shows that the latter

apart from its specialization as the only true
fossorial member of the family—does not stand alone, and that several other species
equally deserve to be separated from the genns Lepus.

The first attempt at a tabular aerangement of the species of Lepus, according to their
affinities, was made by Baird §, who availed himself of the characters of the skull ; limiting

himself

with the exception of ““ Lepus cuniculus "—to North American species.  The six
sections into whiel the genus is divided show that this excellent observer had on the
whole a right coneeption of the affinities of this group.  Not all his sections, however,
are of equal value; section B, comprising L. califoruicus and L. callotis, is in reality
more closely related to A (L. timidus, 1. glocialis, L. americanns, L. campestris, &c.)
than to the other seetions ; and the same may be sard with regard to E (L. Trowbridgei
and L. Audabowii), which, as a matter of fact, is in closer relation with D (L. syleaticus
and allies) than with the rest.

With such a good example to follow, a suceessor, taking up the whole of the kuown
Leporidie, might have been enabled to make a finther step forward.  This is what J. E.

* 1. H. Hodgson, * On the Hispid Hare of the Suul Forest ”* (Journ. As. Soc. Bengal, xvi. 1. p. 574 (18470,
T G. R. Waterhouse, ‘A Natural History of the Mammalia,’ ii. p. SO (154%).

7 E. Blyth, Catal. Mamm. in Mus. Asiat. Soc. Caleutta, p. 133 (1563).

§ Spencer F. Baird, ¢ Mammals of North America,” pp. 574, 575 (1859),
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Gray attempted to do *.  TFrom the title of the article, *“ Notes on the Sknlls of Hares
(Leporidee) and Picas (Lagomyidie) in the British Musenm,” the actual contents could
not be guessed, for the work is an attempt at a complete classifieation of the Lagomorpha,
in whieh several characters hesides eranial are made nse of.  The characters assigned
to the family Leporidie are in part cither erroncous (characteristics of the molars), or they
do not hold good for all the minor divisions, and are consequently partly in contradiction
with the snbsequent char - cteristics of the sections.  This family is divided first of all into
two sections, one reserved for Blytl’s Cuprotugns, the other for the rest of the Leporida.
This latter is again subdivided into two groups:—A. Hares, B. Rabhits, the latter
containing the Rabbit alone, raised to generic rank (Cuuiculus). Tu group A are given
generic names to some of Baird’s divisions.  The latter's D (ex L. syleaticus) becomes
Syleilagus, his ¥ (L. aquaticus, L. palustiis) Hydirolugus; while a genus Zupeti is
created for the Brazilian Have, and Lnlagos for * L. wmediterrancus ™ and ** L. Judew.”
In the subdivisions of this A group (Haves), great stress is laid upon a comparatively
unimportant cranial character, which had cautiously been made use of by Baird. Thus
we get two subdivisions: 1. Postorbital process more or less united with the skull
(Hydrolagus, Sylvilagus, Eulugos). 11. Postorbital process separate from the skull
(Lepus, Tuapeli).

The species of the genus “ Lepus™ are classed according to geographical distribution,
and thus there are unavoidably thrown together very heterogeneous forms in the African,
Asiatic, and American members.  Among the latter ave L. Auduborii and L. Trow-
bridgei, which are thus widely separvated from Syleilegus, containing their closest allies.

The fore-mentioned paper was wisely ignored by J. A. Allen, in his Analysis of the
species and varieties of North American Leperidee 7. Allen on the whole follows Baird,
with some improvements in detail, but with one step backward, by widely separating the
Callotis group from L. timidus and its allies.

Some of Gray’s generic names have since been used as subgenera, e. g. by Mearns,
with whose “Analysis of three Subgenera of Lepus™ §, containing some valuable
information, I propose to deal elsewhere.

A new genus of Leporidiv, Roinerolagus, from Mount Popocatepet]l (3350 metres),
was deseribed some years ago by Hart Merriam §.  The author’s views as to its
systematic position are summed up in the following words :—“ The skull, singularly
enough, does not show the departure from ZLepus that one would expect from a
study of the other hones. It agrees in the main with skulls of the American Cotton-
tails (subgenus Syleilagus), but differs in the postorbital processes, which are small,
divergent posteriorly, and altogether wanting anteriorly, and in the jugal, which is
greatly elongated posteriorly.  The interparietal is distinet, and in old age becomes
ankylosed with the snpraoccipital.  The thoroughly leporine character of the skull shows
that the animal can hardly be regarded as ancestral to Lepus, as might have been

* Ann. & Mag. Nat. Hist, xx. 3, p. 219 (1867).
+ ¢donographs of North American Rodentia.—1I. Leporidwe,” by J. A, Allen, p. 283 (1876).
* Proc. U. 8. Nat. Mus. xviil. p. 551 (1596).
§ Proc. Biol. Soc. of Washington, x. p. 169-174 (1896).
SECOND SERIES,—Z0OOLOGY, VOL. VII. 71
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inferred from its short ears, short hind legs. and various skeletal characters, but that it
is a specialized offshoot fron the genus Lepus itself ™ *,

My own views as to the significance of the characters of Romerolagus are about the
same as those with regard to Cuprolugus. 'They ave certainly of generic value, by com-
parison with those genervally assigned to the genus Lepus.  But it does not tollow that
Romerolagus can stand as a separate genus, or, to put it in a more general way, that
it occupies an isolated position compared with other Leporidee. 1 feel surve that if the
same care had been bestowed on the examination of the skeletons of some other Leporide
near at hand, e. g. the aquatic Haves §, Ilart Merriam would have arrived at the same
conclusion as 1 have. It will probably be possible to show hereafter that Rowmerolayus is
specialized in some respeets, as might De anticipated from its habitat. The remarkable
shortness of the cars is presumably the combined result of inheritance and specialization.
The abscnce of the tail is certainly an aequived character, as it is in Lagouys. The
complete claviele can scareely be regarded 1n the same light ; but, although I know of no
other member of the Leporidee having a ¢ complete ” elaviele, Rowerolagus does not, in
this respect cither, oceupy such an isolated position as the anthor seems to think. That
the skull is “ thoroughly leporine ” I cannot admit; there are several cranial characters,
as will be shown, which are unusual in most Leporidie, but which ZRomerolagus shaves
with lalaolagus, with some recent Leporidie, and with the Lagomyidie, and which may
be regarded as ancestral.

The whole of recent Leporide may be divided into two groups, probably of higher
than generic dignity, which might conveniently be called: A. Capirolagns group, and
B. Lepus group.

A. Caprolagns Gronp :—

1. Caprolayus: C. sivalensis, Maj.; C. valdaraensis (Weith.); C. hispidus
(Pears.) (type.)

2. Nesolagus (nonv. nov.) : N. Nelscheri (Schleg. & Jent.).

3. Oryetolugns: O. cuniculus (Linn.); O. crassicaudatus (Geoffr.). .

4. Syleilagns, comprising in this term :—
a. Limuolagus (S. paluslris, aqualicus, &e.).
b. Romerolugus (S. Nelsonr, Merr.).
e. Tapeli (S. brasiliensis, &c.).
& Syleilagus (8. sylvaticus, &e.)

The question whether 1-4 are to be considered as genera or subgenera is for the
present quite immaterial.  Sylvilagus s. str. is the least primitive of this group, and
Oryetoligns stands somewhat apart.

B. Lepus Group.—This gronp contains the one genus Lepus s. str., including all the
species not contained in group A.

* Op. cit. p. 172,
T This remark refers also to the limbs, although I do net know them from either.
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The Caprolagus group (\) differs from the Lepus group by the following characters,
part of which, as said above, it sharves with Paleolagis and with the Lagomyidie . —

Lesser specialization for speed. and in corvelation with this, lesser developnient of organs
of seuse (sight, smell, hearing).  Fore and hind feet comparatively short and subequal.
EBars shiort.  Eyes smaller.  Tail very short or missing.

Craninm, depressed above, anteriorly and posteriorly very little bent downward. Upper
contour of frontals and posterior part of nasals almost horizontal (exc. Oryctolagus).
Inferior border of orbit—formed by malar bone

shorter thain in the Zepus group : sinus
on the lateral face of malar not advaneing so far forward (exc. in Oryetolagus).  Upper
border of zygoma bent inward, inferior border arclied outward (exc. in Oryctolagus).
Posterior appendix of zygoma elongate and, in correlation, mandibular condyloid process
elongate also (exe. in Oryetolagus crossicoudatus).

Infraorbital foramen larger than in Zepus and its immediate neighbourhood almost
devoid of reticulation. The heavier skull in the A group is in evident correlation with
the different mode of locomotion. The following eranial characters of A are apparently
in correlation with the less developed organ ol smell :—Ilorizontal portion of os palatinum
comparatively well developed ; interpterygoid fossa and clhioane comparatively small.
Foramina incisiva comparatively narrow and short.  Antervior part of nasals less inflated
than in LZepus.  In correspondence with the smaller eyes, the orbits are comparatively
small, and the orbital processes more or less reduced.

In conclusion, I wish to express my very speeial obligations to Prof. Howes for loan
of material, valuable snggestions, and the pains he has taken in eonnection with this
memoir.

EXPLANATION OF THE PLATES.

Prate 36.

Fig. 1. Caprolagus (Oryctolayus) cunicalus (Linn.), juv.  Right maxillary ; d. 3-m. 2,

Fig. 2. Plesiadapis Daubrei, Lem.  Right upper molar. Enlarged copy from Bull. Soc. Géol. France,
3. xix. (1891) pl. x. fig. 62 u.

Fig. 3. Pelycodus helveticus, Riit.  Right upper molar. Enlarged copy from Abh. Schweiz. Pal. Ges.
xv. pl. fig. 12« (1888).

Fig. 4. Prolayas sardus (Wagn.). Left maxilla with deciduous tecth (d. 3—d. 1) and first molar. Monte
San Giovanui (Sardinia). Br. Mus. G. D. No. M3464.

Fig. 5. Caprolagus (Oryctolagus) cuniculus (Linn.) ; slightly older than fig. 1. Right maxilla; d. 8-
m. 2; alveolus of m. 3.

Fig. 6. Titanomys Fontannesi (Dep.). Second (last) right upper molar (m, 2), almost disused. Middle
Miocene. La Grive-Saint-Alban (Isére), as all the other specimens of this species *,

Fig. 7. Titanomys Fontanuesi (Dep.). First vight upper molar (m. 1).

Fig. 8. Titanomys Fontannesi (Dep.). Posterior right upper premolar (p. 1).  Br. Mus. G. D. No. 5268
Fig. 9 Titanomys Fontauuesi (Decp.) ?  Second right upper premolar (p. 2) ? *

Fig. 10. Prolagus eningensis (Kon.). The three left upper premolars (p. 83—p. 1) of young specimen.

Middle Miocene. La Grive-Saint-Alban, as all the other specimens of this species. Br.
Mus. G. D. No. 5234.

* The figures marked thus are from specimens in the possession of the author.

71*
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Prolagus sardus (Wagn.). Posterior right upper premolar (p. 1), from a young specimen.
Monte San Giovanni (Sardinia). Br. Mus. G. D. No. M3.61.

Titunomys Fontannesi (Dep.). First left npper molar (m. 1), slightly worn.

Titanomys Fontaunesi (Dep.). First left upper molar (m. 1), slightly worn.

Titanomys Foutannesi (Dep.).  Right upper, probahly deciduous, molar ; much worn ¥,
Titenomys Fontunnesi (Dep.).  Posterior right upper premolar (p. 1) *.

Prolayus sardus (Wagn.).  Fragment of right maxillary ramus, with posterior premolar (p. I),
and the two true molars (m. I, m. 2). Monte San Giovanm.  Br. Mus. G. D. No. M3159.
Caprolugus (Oryctolagus) cuniculus (Linn.).  Young individual, slightly older thau fig. 5. The
two posterior premolars (p. 2, p. 1) and the two anterior molars (w. I, m. 2) of the right side.
Titunomys visenoviensis, 11. v. Mey. Upper molar, mueh worn. Bravard Collection. Lower
Mioeene, Allier. Br. Mus. G. D. No. 31091-10 1.

Titunomys visenoviensis, 1. v. Mey.  The two posterior premolars (p. 2, p. 1), from a fragment
of the right maxillary. Lower Miocene of Weisenau (Germany).  Br. Mus. G. D. No. 21195.
Caprolagus (Sylvilayus) brasilicnsis (Linu.).  Right upper posterior deeiduous molar (d. 1), from
a skull in the Br. Mus. Z. D. No. 58.1.15.1.

Prolagus eningensis (Kon.).  Complete series of the right upper eheek teeth (p. 3-m 2) %,
Lepus timidus, Linn, (L. variabilis, all.).  Right upper check-tecth of young individual ; the
two posterior deciduons molars have been removed, in order to show the overlying premolars
(p. 2, p- 1. Treland. W, K. de Winton, k.

Titunomys Fonlanuesi (Dep.).  Left upper jaw, showing the empty alveohi of the five cheek-
teeth. 4x1%*.

Prolugus sardus (Wagn.). Cowmplete series of the vight upper cheek-teeth, or (p. 8-m. 2),
Ossiferous hreceia of Monte San Giovauni (Sardinia) #.

. Lepus curopeens, Pall.  Unworn vight upper median premolar (p. 2) of young iudividual.

Trom a skunll iu the Br. Mns. Z. D. No. 523 /.

Lepus timidus, Linn.  Posterior right upper deciduous molar (d. 1), removed Irom the jaw fig. 22.
Caprolagus hispidus (Pears.).  Mecdian vight npper premolar (p. 2), of young individual in the
Br. Mus. Z. D.

. Lepus xp.  Right upper deciduouns molars (d. 3=d. 1), China. Br. Mus. Z. D.

Prolayus @ningensis (Kon.). Right upper decidnous molar (cither d. I ord. 2) *,

. Layopsis verus (ens.).  Right upper deeiduous molar (either d. 1 or d. 2).  Middle Miocene

of La Grive-Saint-Alban *.

Lagopsis verus (Hens.).  Median vight upper premolar (p. 2). La Grive-Suint-Alban.  Br.
Mus. G. D.

Layopsis verus (11ens.).  Left upper molar.  La Grive-Saiut-Alban.  Br. Mus. G, D.
Caprolayus hispidus (Pears.).  Complete series of the right upper check-tecth.  Adult.  Irom
a skull in the Br. Mus. Z. D.

Lepus wigricollis, 1. Cuv.  Posterior right upper premolar (p. 3).  Br. Mus. Z. D. No. 81.4.29.7.
Titanomys Foutannesi (Dep.).  Left upper deciduons molar (cither d. 1 or d. 2) %,

Paleolagus Haydeni, Leid. Tragment of right maxillary ramus, showing the cmpty alveolus

of the median premolar (p. 2), aud the three following eheck-teeth (p. 1, m. I, m. 2).  Br.
Mus. G. D. No. M5727.

Prarr 37.

Titanomys Foutannest (Dep.). Isolated lower anterior premolar (p. 2), unworn. Middle
Miocene of La Grive-Saint-Alban, like all the other speeimeus of this speeies *.
Titanomys Foutannesi (Dep.).  Another isolated speeimen of the same tooth, slightly worn *,
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Iig. 3. Titunomys Foutannesi (Dep.). A thivd isolated specimen of the same, slightly more worn by
attrition than the former *,

Fig. 4, Titanomys Foutannesi (Dep.). A fourth isolated specimen of the same, much worn #,

Fig. 5. Prolagus sardus (Wagn.), var. corsicanus.  The two inferior deeiduous wolars (d. 2, d. 1) from
a left mandibular vamus. The first true molar (m. 1) of the speeimen, not figured, shows a
vestige of the terminal cusp (““¢ 7 =hypoconulid).

Fig. G. Prolagus @ningensis (Kon.).  Left mandibular ramus of young individual, showing the two
deciduons (d. 2, d. 1) aud the two trne molars (m. 1, m. 2).  La Grive-Saint-Alban. Br.
Mus. G. D. No. A35236.

WFig. 7. Titanomys Fontannesi (Dep.).  Complete series of the lower cheek-teeth (p. 2—ui. 3) in a left
mandibular ramus.  Adult.  Bre. Mus. G. D. No. 5267 «.

Ig. 8. Caprolagus (Oryctolugus) cunicalns (Linm.).  The two lower premolars (p. 2, p. 1), in a right
mandibular ramns of an immature speeimen.  Herelordshire.  W. BE. de Winton, Esq.

Fig. 9. Prolugus wningeasis (Kom).  Complete series of inferior cheek-teeth (p. 2—m. 2), left side.
Adult *.

Fig. 10. Titanomys Foutanaesi (Dep.). Posterior premolar (p. I) and anterior trne molars (m. 1, m. 2)
in a left mandibular ramus of an immature specimen.  p. 1, being still in the socket, has not
yet come uto attrition.  Br. Mus. G. D. No. 5267 4.

Fig. 11 . Titanomys visenoviensis, 1. v. Mey.  Isolated npper posterior premolar (p. 1), or anterior
molar (m. 17, right side.  Lower Miocene of Weisenan.  Br. Mus. G. D. No. 7217 .

Fig. 11 b. Titanomys rviseaovicasis, 11, v, Mey.  Probably posterior premolar (p. 1) or anterior molar
(m. 1).  Left side.  Lower Miocene of Weisenau.  Br. Mus. G, D. No. 7217 d.

Fig. 12, Prolugus aningensis (Kon.).  Anterior premolar (p. 2) from a left mandibular ramus.

WMg. 13. Caprolayus Lacosti (Pomel).  Anterior premolar (p. 2) from a left mandibular ramus. Upper
Pliocenc of Perrier (Franee).  Br. Mus. G. D. No. 27618,

Ig. 14, Luyopsis verus (Iens.).  The two posterior true molars (m. 2, m. 3) from a right mandibualar
ramus.  La Grive-Saint-Alban.  Br. Mus. G. D. No. 5263.

Fig. 15. Titanomys Foutunnesi (Dep.).  Upper view of left mandibular ramus, exhibiting the empty
alveoli of the five check-teeth *.

Fig. 16. Titanowys Fontuunesi (Dep.).  Posterior premolar (p. 1) and the two auterior true molars
(m. 1, m. 2) in a right mandibular ramus.  Ewmpty alveoli of p. 2 and m. 3. Br. Mus. G. D,
No. M5267 c.

Fig. 17. Cuproluyus (Nesoluyus) Netscheri (Schleg. & Jeut.).  Posterior upper premolar (p. 1), right
side, from the skull in the Br. Mus. Z. D. No. 92.5.21.1.  Sumatra.

Fig. 18. Cuprolayus sivalensis, Maj, The two inferior premolars (p. 2, p. 1), from a fragment of the
left mendibnlar ramus.  Plioeene, Siwalik Hills, India.  Cautley Coll.  Br. Mns. G. D.
No. 16529. (By an inadvertenee of the artist, the anterior side of the teeth is tnrned to the
right—thenr outer side being direeted upwards in the plate—instead of to the left, as in all the
other figures of mandibies and teeth of the left side.)

Wg. 19. Caproluyus (Romeroluyus) Nelsont (Merr.).  Anterior premolar (p. 2), from a right mandibular
ramus.  Mount Popocatepetl (Mexico).  Br. Mus. Z. D.

IMig. R0 @, b. Caproluyus (Sylvilagus) palustris (Bachm.). Lower anterior premolars (p. 2), right («) and
left (4), from a speeimen 1 the Br. Mus. Z. D.

Fig. 21, Titawomys Fontanuesi (Dep.).  The posterior premolar (p.1) and the two anterior true molars
(m. 1,m. 2) in a fragment of the right mandibnlar ramus.

Wg. 22. Caprolayus kispidus (Pears.). The two premolars (p. 2, p. 1) from the right wandibulat ramus
of an immature spceimen in the Br. Mus. Z. D, )

Fig. 23. Cuprolugus hispidus (Pears.). Complete sevies of lower cheek-teeth (p- 2-m. 3) from a right
mandibular ramus of an adult speeimen in the Br. Mus, Z, D.
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. Titanomys visenoviensis, H. v. Mey. The two anterior true molars (m. 1, m. 2) from a frag-

ment of the left mandibular ramus.  Bravard Coll.  Lower Mioeene of Allier (France). Br.
Mus. G. D. No. 31095.

. Titanomys visenoviensis, IL. v. Mey. The two premolars (p. 2, p. 1), from a fragment of the

right mandibular ramus.  Lower Miocene of Allier.  Br. Mus. G. D, No. 31096.

. Lugopsis verns (1lens.).  The four anterior cheek-teeth (p. 2, p. 1, m. T, m. 2) and the empty

alveolus of the last (m. 3), in a left mandibular ramns.  La Grive-Saint-Alban *,

PraTE 38,

. Caproluyus (Sylrilayus), sp., jun., from Bogotd. Right manus, anterior or npper surface view.

Nat. size. r—vesalianum (carpale V); s—hamatum (earpale IV). Nat. size.

Fig. 2. The same. External (ulnar) view. Nat. size.

Fig. 3. Cuprolagus (Oryctolagus) crassicaudalus (1s. Geoffr.).  DBr. Mus. Z. D.  No. 96.6.6.1. Left
manus, ulnar view, Nat. size.

Fig. L. Lagowmys rafescens, Gray. Br. Mus. Z. D, Right manus, anterior view. 2x 1.

Fig. 5. Caprolagus (Oryctolayus) cuniculus (Linn.), juv.  Right tarsus, ulnar view.  Nat. size.

Fig. 6. Cuproluyus (Sylvilagus) brasiliensis (Linn.), juv. Roy. Coll. Se., London. Right tarsus, ulnar
view. Nat. size.

Fig. 7. Caprolayns (Sylvilagus), sp. juv.  DBogoti. Right tarsus, ulnar view. Nat. size.

Fig. 8. Caprolagns (Sylvilagus) brasiliensis (Linn.), juv.  Roy. Coll. Se., London. Right antcbra-
chinm and manus. ¢, anterior, 4, posterior or volar view. Nat. size.

Fig. 9. Lagopsis verns (1lens.), or Titanomys Fontannesi (Dep.).  Middle Mioeene, La Grive-Saint-Alban.
Br. Mus. G. D. No. M5274.  Right metatursus V. @, anterior; &, posterior view. 2x 1.

Fig. 10. Lagopsis verus (Yens.), or Titunomys Fontannesi (Dep.). Middle Mioeene, La Grive-Saint-Alban,
Br. Mus. G. D. M 5273. Left nlna. «, anterior; 4, posterior view. Nat. size.

Fig. 11. Profagus sardus (Wagn.). Left nlna. «, anterior; b, posterior view. Nat. size.  Pleistoeene
breecia, Monte San Giovanui (Sardinia).  Br. Mns. G. D. M 3 171.

Fig. 12. Prolagus sardus (\Wagn.). Right radius. @, anterior ; 4, external (ulnar) ; ¢, internal (radial) ;
d, posterior view. Nat.size. Pleistoeene breeeia, Monte San Giovanni (Sardinia).  Br. Mus,
G. D. M3471.

Fig. 13. Prolagns sardus (Wagn.). Left metatarsus I1, from behind. 3x 1.  Pleistoeene breeeia,
Moute San Giovanui (Sardinia).  Br. Mus. G. D.

Fig. 14. Lagomys rufescens, Gray. Lefi metatarsus 11, external (fibular) view. 3x 1.  Br. Mus, Z. D,
No. 7-1.11.21.17.

Fig. 15. The same. Posterior view. 3x 1.

Fig. 16. The same. Anterior view. 3X 1,

Tig. 17. Prolayus aningensis (Kon.). Left metatarsus 11, anterior view. 3x 1. Middle Miocene,
La Grive-Saint-Alban. Br. Mus. G. D. No. M5248,

Fig. 18. The same. Ixternal (fibular) view.

Fig. 19. Prolugus sardus (Wagn.). Right metacarpal V, from the outer (ulnar) side, to show the facet for
the os vesaliannm (earpale V). 5x 1. Pleistocenc breeeia, Monte San Giovanni (Sardinia).
Br. Mus. No. G. D. No. M3471.

Wig. 20. Lagyomys rufescens, Gray jun. Right antebrachium. «front view ; 4, external (nlnar) ; ¢, internal
(radial) view. 2x1. Br. Mus. Z. D,

Fig. 21. Lagomys rufescens, ad. Right radius. e, internal (radial) ; 4, front view. 2x 1. Khorassan.
Col. Yate.

Fig. 22. Caprolagus (Oryctolayus) crassicaudatus (Is. Geoffr.).  Left tarsus and metatarsus ; internal

(tibial) view. Nat. size. From skel. Br, Mus. Z. D. No. 96.6.6.1.
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. 23, Caprolugus (Nesolagus) Netscheri (Schleg. & Jent.). Right tarsus and metatarsus ; internal

(tibial) view. Nat. size. From skel. Br. Mus. Z. D.t
24. Caprolagus (Caprolagus) hispidus (Pears.). Right tarsus and metatarsus, internal (tibial) view.
Nat. size. Br. Mus. Z. D.

. 25, Lepus timidus, Lo, (L. variabilis, Pall.).  Right tarsns and metatarsus, internal (tibial) view,

Nat. size. lreland. Br. Mus. Z. D. No. 76.4.10.2.
. Lagomys rufescens, Gray. Right tarsus and metatarsus, internal (tibial view). 2x 1.

. Prolagus sardus (Wagn.), var. corsicainus.  Left metatarsns TI.  «, anterior; &, internal;

2
¢, posterior ; , external view. Nat. size. Pleistocene breccra. Toga nr. Bastia (Corsiea). Br.
Mus. G. No. D. M 3480.

Vig. 28. Caprolagus (Nesolugus) Netscheri (Schleg. & Jent.). Left antebrachinm. «, front view; b, ex-

Fig.

Fig.

ternal (ulnar) ; ¢, internal (radial) ; «, postcrior view. Nat. size. Sumatra. Br. Mus. Z. S.
Sumatra. Br. Mus. Z. D.

29. Lagomys rufescens, Gray. Right nlna. a, external (ulnar) view (almost posterior in adult
Leporidee) ; 4, posterior view (almost internal in adult Leporide); ¢, front view (almost
external in adult Leporidae). 2% 1. Khoerassan.  Col. Yate.

30. Caprolayus (Oryctolagus) cuniculus (Linn.). Left antebrachium. «, front; 4, external (nlnar);
¢, mternal (radial) ; o, posterior view. Nat. size. Ierefordshive.

Prare 39

. 1. Titancmys Fontannesi (Dep.). m. 1, sup. dest. Anterior view. 3x 1. Middle Miocene. ILa

Grive-Saint-Alban *.
Titanomys Fontannesi (Dep.). m. 2, sup. dext. ¢, anterior; b, external view. 3x 1. La Grive-
Saint-Alban *,

[

. 3. Sciuropterns fuscocapillus, Blyth. m. 2, sup. dext. Anterior view. 4x1. Br. Mus. Z, D.

No. 52.5.9.19.

. . Titanomys Fontannesi (Dep.). Upper deeiduons molar, much worn.  Anterior view. 3x1.

Tooth figured PL 36. fig. 1.

. 5. Titanomys visenovieusis, 1I. v. Mey. p. 2, sup. sin. «, posterior; b, lower view. +x1. Lower

Mioeene, Weisenan.  Br. Mus. G. D. No. M7217.
Titanomys Fontannesi (Dep.). Right lower molar. «, anterior; b, inner; ¢, onter view. 23 x1,
La Grive-Saint-Alban *.

=

“ig. 7. Caprolagus (Oryctolayus) cuniculus (Linn.), juv. m. 1, sup. sin., posterior view. 3 x1.
g. 8. Caprolagus (Oryctolagus) cuniculus (Linn.), juv. m. 1, sup, dext. Anterior view. 5x1.

Speeimen figured Pl. 36. fig. 1.

. 9. Caprolagus (Oryctolayus) cuniculus (Linn.), juv. dee. 1, sup. dext. ¢, anterior ; b, outer view.

5x 1. Specimen figured P1. 36. fig. 1.
10. Pteromys melanotis, Gray. m. 2, snp. dext. Anterior view. 3x1. Br. Mns. Z. D,
No. 48.8.15.2.

. 11. Titanomys visenoviensis, H. v. Mey. Left lower molar. «, outer; &, inner; ¢, anterior view.

21 x1 Br. Mus. G. D. No. 21495.

. 12, Titanomys Fontannesi (Dep.)? p. 2 snp. dext. (?) Anterior view. <4x1. La Grive-Saint-

Alban. Speeimen figured Pl. 36. fig. 9. After renewed examination, the generie affinities of
this tooth seem very doubtful.

T pe. of this fig. to be read tegether (= pec. preecuneiform).
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Titanomys Fontannesi (Dep.). m. 1 sup. sin. Anterior view. 3 X 1. La Grive-Saint-Alban,
Specimen figured Pl. 36. fig. 12.

Titanomys viscnoviensis, H. v. Mcy. m. sup. dext. Anterior view. 3x 7. Speeimcn fignred
Pl. 86. fig. 18.

Scinropterus xanthipes (Milne-Edw.). m. 2, sup. dext. Anterior view. 3x 1. Br. Mus. Z. D.
No. 95.7.5.1.

Titanomys viseroviensis, 11. v. Mey. m. 2 sup. dext. Lower view. 10 x1. Weisenau. Br.
Mus. G. D. No. M7217.

. Caprolagns (Sylvilagus) brasiliensis (Iinn.), junu.  Sternmn.  Frout view. Nat. size. Royal

College of Science, Loundon.

. Caprolugus ( Nesolugus) Netschert (Schleg. & Jent.).  Sternum. Front view. Nat. size. Br.

Mus. Z. D. .

. Titanomys Fontannesi (Dep.). p.1sunp.dext. Anterior view. 3x 1. Specimen figured Pl 36.

fig. 8.
Pteromys nitidus, Desm. Germ of m. 2, sup. dext.  Anterior view. 3 x1.

. Titanomys Fontannesi (Dep.). dec. sup. sin,  Anterior view. 3 x 1. Specimen figured

Pl. 36. fig. 33.

. Lagopsis verus (Hens.).  dee. sup. dext.  Anterior view. 4 x1. Specimen figured Pl. 36.

fig. 30.
Prolagus @ningensis (Kim.). dee. sup. dext. Anterior view. 7x 1. La Grive-Saint-Albau.
Specimen figured Pl 36. fig. 29.

. Prolagus sardns (\Wagn.), var. corsicanns. Metatarsns T1.  Pleistocene breccia of Toga, near

Bastia (Corsica). 3 x 1.

5. Titanomys Fontaunesi (Dep.). Left wmandibular ramus. «, inner; &, outer view. Nat. size.

La Grive-Saint-Alban *,

Prolagus wningensis (Kén.). dec. 2 inf. 4 x 1. La Grive-Saint-Alban *.

. Prolagus sardus (Wagn.), var. corsicanus.  Right maudibular ramuns.” ¢, inner ; b, outer view.

Nat. size.  Pleistoeene breecia, Toga ( Corsica) *.

Caprolayns (Nesolagus) Netscheri (Schleg. & Jent.). Right mandibular ramus, outer view.
Nat. size. Br. Mus. Z. D. No. 92.5.21.1.

Titanomys Foutannesi (Dep.).  Postervior fragment of vight mandibular ramus.  «, outer ; 4, inner
view. Nat. size. La Grive-Saint-Alban *,

Lagopsis verus (Hens.).  Right mandibular ramus. @, outer; 4, inuer view. Nat. size. La
Grive-Saint-Alban *.

Titanomys Fontannest (Dep.). Left mandibnlar ramms.  «, outer; &, inner view, Nat. size.
La Grive-Saint-Alban *.

. Caprolagus (Caprolagus) hispidus (Pears.). Palatal view of skull.  Nat. size. Br. Mus.

7. D. No. 48.9.12.11. m=maxillary, p=palatinum.

. Caprolagus (Syleilagus) Nelsoni (Merr.) [Romerolagus Nelsoni, Merr.]. Palatal view of skull.

Nat. size. Popocatepetl, Mexico. Br. Mns. Z. D. No. 97.6.1.5.
Lagomys rufescens, Gray. Palatal view of skull. Nat. size. Br. Mus. Z. D.

. Caprolagus (Sylvilagus) brasiliensis (Linn.), juv. Palatal view of skull. Nat. size. Royal

College of Scicnee, London.
Prolagus sardus (Wagn.). TPalatal view of skull. Nat. sizc. Pleistocene breccia, Monte San
Giovanni (Sardinia). Br. Mus. G. D.

. Caprolagus (Oryctolagus) erassicaudatus (Is. Geoffr.).  Palatal view of sknll. Nat. size. Br.

Mus. Z. D. No. 96.6.6.1.
Caprolagus (Nesolagus) Netscheri (Schleg. & Jent.). Palatal view of skull. Nat. size. Br
Mus. Z. D. '



